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Much has been discussed about the health benefits and risks of soy consumption
but very little is known about who the consumers are. Most of what is known has been
observed mainly in Asian populations who consume high levels of soy. Very little is
known about soy food intake in the western population who typically has low
consumption level. The Seventh-Day Adventist cohort in North America is the only
population known in the West with soy food intake that is comparable to the Asian
population living in the East.
Soy consumers in a population known for its healthier lifestyle and high soy
intake may serve as a reference group in future analytical study conducted in the West in
which hypotheses on the association between intake of soy food and diseases might be
tested. Knowledge of patterns and determinants of soy consumption, some of which may
be potential lifestyle-related confounders may help us better understand and analyze the
relationship of soy consumption with disease incidence at a later point. The aim of this
dissertation was to identify the determinants of soy consumption by describing the
m

sociademographic, religious, migration, dietary and other lifestyle-related factors of soy
food consumption in the respondents of the Adventist Health Study 2 (AHS-2).
Three soy food types—soymilk, meat analogue, traditional soy were identified.
Total soy which is the sum of the three soy foods was also analyzed. Multivariable
logistic regression identified several significant predictors of soy consumption. The
degree of meat avoidance (vegetarian status) showed a strong relationship with all types
of soy food consumption (OR from 1.8 to 9.9, p < 0.05). Ethnicity, i.e., being Asian is a
strong predictor (OR:8.3, p < 0.05) for tofu and soy bean consumption. Soy consumption
is associated being educated, health conscious (avoidance of meat, and more physically
active), thinner and younger (for traditional soy consumers). The consumer typology
could serve as reference for future studies on soy food consumption in a western
population.
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CHAPTER 1
INTRODUCTION

A. Statement of the Problem
1. Health Benefits of Soy
Recent research studies suggest an association of dietary soy and a number
of health benefits, many of which have significant public health implication in the United
States. For instance, soy intake is linked to prevention of breast cancer (Korde et ah,
2009; Trock, et ah, 2006), prostate cancer (Nagata et al., 2007; Head et al.,2007, Sonoda
et ah, 2004), and colon cancer (Oba et ah, 2007). These three cancers pose great public
health threat in America: prostate cancer and breast cancer are the number one leading
causes of cancer death for American males and females respectively, while colon cancer
is the third leading cause (U.S. Cancer Statistics Working Group, 2007). Additionally,
high soy intake is associated with reduction of risk of cardiovascular diseases (Sacks
2006; Zhou et al., 2004), the leading cause of death in U.S for the past 80 years
(Morbidity and Mortality Weekly Report, 2007). Notably, these diseases are
characteristic of a western country disease pattern. As dietary soy is linked to so many
major health effects, research on soy intake and human health is significant and relevant,
from both clinical practice and public health point of view.
Epidemiological observation notes that soy foods have been a staple food in Asia
for thousands of years. The level of soy intake in Asia is higher than that in North
America (Messina, Nagata & Wu, 2006). Meanwhile the incidence of breast cancer and
prostate cancers—two of the three most prevalent cancers in North American are
1

conspicuously low in Asia (Kotanoda et al., 2007; Matsuda & Saiki., 2007). The
discrepancy between soy consumption levels and incidences of these cancers found
between these nations has led to the hypothesis that soy could be protective against
certain hormone-related cancers.
2. The Adventist Health Study
Adventists in North America share some similarities with populations in
Asia in terms of dietary preference: (a) Due to the religion’s promotion of a plant-based
diet, more than half of the Adventist population is either vegetarian or choosing to avoid
meat. Traditional Asian diet is predominantly plant-based, (b) There are a high proportion
of soy consumers in this population. The Adventist cohort in North American represents
the only population known living in the West who has soy consumption level compatible
to that in Asia (Jaceldo-Siegl et al.,2006). We know that about 25% of the Adventist
population drink soy milk several times per week (Butler et ah, 2007). However, no other
information about Adventist soy consumers is available, for example, their sources of soy
food, socio-demographics, lifestyle characteristics or nutrition habits. Recent report about
the soy consumers in the European Prospective Investigation into Cancer and Nutrition
(EPIC) study revealed that the soy consumers—a subgroup within the cohort led a more
health conscious lifestyle (Keinan-Baker et al.,2002). Similarly, soy consumers in another
study were found to eat a more healthful diet, exercise more and were more educated than
the non-soy consumers (Fang et ah, 2005). While we know Adventist are healthier
compared to the American population (Fraser 2003), we do not know if the Adventist soy
consumers are also a more health conscious subgroup within the same cohort.

2

Descriptive information about the soy consumers in the Adventist population
would be useful as they may serve as a reference group in future analytical study in
which hypotheses on the association between intake of certain food groups and diseases
might be tested.
B. Purpose of the Study
The relatively high level and a wide range of soy food consumption of the
Adventists in North America make the population an informative cohort to study the role
of dietary soy on risk or incidences of breast, prostate or colon cancers. Identification of
patterns or determinants of soy consumption may help identify important confounders of
the purported health benefits of soy. Such findings will subsequently help us analyze
more precisely the relationship between diseases incidences and dietary practices at a
later point, which is one of the ultimate goals of the AHS-2.
Clearly, it is beyond the scope of a dissertation to identify all the potential
confounders as outlined above, nonetheless it is our purpose to describe some of them.
The primary objective of this study was therefore to identify determinants of soy
consumption by describing the socio-demographics, lifestyle characteristics, dietary
habits and religious or migration factors of Adventists soy consumers. Soy foods are
present in many forms; and there is a lack of documentation regarding the types and
sources of soy food by different ethnic groups in a western population. The bioactive
constituents of isoflavones are present in variable amount in different soy-based products
(USDA, 2008) which may produce variable health effects (Mortensen et ah, Chang et ah,
2007; Cassidy et ah, 2006). Documentation of consumers according to type of soy food is

3

probably one of the first steps in understanding disease incidence within a population. In
our analysis soy food determinants were described in three distinct soy food types.
C. Research Questions
The following research questions were addressed:
How are the following variables related to the three types of soy food
consumption—soymilk, soy meat analogues, traditional soy products (tofu or bean
curd)—in the Adventist cohort?
1. Socio-demographics such as race, age, gender, level of education, income,
2. Lifestyle characteristics such as physical activity, alcohol consumption,

BMI,
3. Religion and migration factors such as religion of self, age of baptism,

birthplace of self, birthplace of parents,
4. Dietary habits such as vegetarian versus non-vegetarian status?

4

CHAPTER 2
LITERATURE REVIEW

A. Overview
This section will begin with a brief history of the soybean. The nutrient
composition of soy will be examined in view of the growing interest in soybean as a
health food. Some of the health benefits associated with soybean, as well as its
controversies will be discussed. Finally, a literature review on the demographic, social
and other correlates of soy consumption will be presented.
B. History of the Soybean
In Chinese soybean is called “Da-Tou” which means the great or mighty bean.
Soybeans were first grown in northeastern China thousands of years ago. The legume has
been a staple of the majority of Asian diets for centuries. According to legend, in 2853
BC emperor Sheng-Nang in China named soybeans, rice, wheat, barley, and millet as the
five sacred plants (Wikipedia Soybean, 2007). It is said that Sheng-Nang was the first
emperor in China who introduced and encouraged agriculture in the country, hence the
dubbing of the name Sheng-Nang which means God of Agriculture.
The high regard accorded to the soybean demonstrated the importance of the
legume in the lives of the people in China in ancient days. Thousand of years later,
soybean continues to live up to both its name and legendary reputation. In the United
States, soybean is often called the miracle crop. It provides about 80% of all the edible
consumption of fats and oils in the country. In 2005, the world produced approximately
214 million metric tons of soybean, and about 40% of all the soy produced came from the
5

United States, making the country the number one soybean producer in the world (see
table 1 below).
Table 1. World Soybean Production in 2005
Million metric tons

Country
United States

85.0

Brazil

51.2

Argentina

38.3

China

16.8

India

6.8

Paraguay

3.9

Other

12.3

Total

214.3

Source: AO Statistics Division 2007, 16 November 2007
Soybean is the largest U.S. agricultural export constituting a lucrative cash crop
for the country (The American Soy Association, 2007). On the world scene, soybean
meal is expected to account for more than 90% of the anticipated growth of meals
worldwide Today the legume is the world’s foremost provider of protein and oil: it
contributes more than half (57%) of the oilseed production worldwide (see table 2
below); it supplies about two third (67%) of the global protein meal consumption; and it
is the most abundant vegetable oil consumed in the world, representing about 30% of the
world’s total oil consumption (Food and Agricultural Organization of the United Nation,
2007).

6

Table 2. World Production of Major Oilseeds
Oilseeds

Quantity
(in million metric tonnes)
2005/06
(estimated)
221.4
48.9
48.9
35.7
29.9
9.5
5.1
392.8

2004/05
Soybean
Cottonseed
Rapeseed
Groundnuts (unshelled)
Sunflower
Palm kernels
Copra
Total

216.6
44.7

45.9
34.8
25.4
8.9
5.2
381.5

2006/07
(forecast)
232.9
47.0
47.0
34.0

29.3
9.6
5.8
401.6

Source: UN Food and Agriculture Organization, Food outlook-global market analysis,
June 2007

While soybean is a major food item of the people in China and many Asia
countries, soy was not introduced as a food item to the American people until the early
1900’s. It was first used as forage for livestock, and continues to be used this way today
where more than 80% of all soybean meal is consumed by poultry, hogs and cattle (Food
and Agricultural Organization of United Nation, 2007). However, the use of soybean has
been expanded for human consumption to include products such as soy oil margarine, soy
cooking oils, soy milk, soy flour and soy meat replacement. Though cooking oils and
livestock feed will continue to be the mainstay market for soybeans in America, the
consumption of soy as human food is expected to grow as knowledge about the nutrients
and benefits of soy on human health expands.
C. Soy Consumption
Soy consumption in the United States has traditionally been low, only about 5 %
of American women consumed it regularly before 1996 (Greenstein et ah, 1996).
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However, the sales of soy products picked up since the U. S Food and Drug
Administration issued a health claim in 1999 about the cardio-protective benefits of soy
(Henkel, 2000). The health claim states that 25 g of soy protein, together with a diet low
in saturated fat and cholesterol will help reduce coronary heart disease. In the past 10
years, the sale of soy foods has experienced rapid growth, soy foods are no longer
considered niche food but a hugely popular food with sales amounting to over $ 4 billion
a year (Golbitz, 2002).
D. Sources of Soy
Broadly, soy food products may be classified under the traditional soy foods,
namely tofu (for most Asians), miso (for the Japanese), and tempeh (for the Indonesians);
and non traditional products such as soy flour, soy meat (meat analogue made of soy),
soybean butter, and dairy substitutes such as soymilk, soy cheese or soy yogurt. The
natural sources of isoflavones are not very common in foods, the most concentrated
dietary source is found in soybean, though some other food legumes contain very small
amount of isoflavones (USDA, 2007).
E. Nutrient Composition of Soy
In general, soy foods are low in fat (for instance, 100 mg of tofu has only 2.7mg
of fat), high in protein, fiber and iron, and they contain essential omega-3 fatty acids.
However, there are many different types of soy foods, each with a slightly different range
of nutritional values. The table in appendix A presents some common soy food products
and their macronutrients namely, carbohydrate, protein and fat; and micronutrients such
as vitamins, calcium, iron, magnesium, or potassium. The bioactive compound in soy—
isoflavone that is associated with a number of health benefits, is present in various
8

concentrations in different forms in different soy products. These differences may
influence health outcome differently. Table in appendix B provides the content of three
main components of isoflavones—daidzein, genistein, and glycitein as found in some
common soy foods.
F. Phytochemicals in Soy
The most common phytochemicals in soy are phytoestrogen. Phytoestrogen is a
substance that is found widely in plants. There are several classes of phytoestrogen such
as flavones, flavanones, isoflavones, coumestans, lignands, and stillbene (Paraskevi,
2007). The soy constituent that is believed to confer cancer-preventive and cardio
protective effects is isoflavone which is also the most extensively studied phytoestrogen
group. The three main isoflavones are daidzein, genistein and glycetein and these
phytochemicals exhibit a variety of biological effects on cell growth and regulation which
may have chemopreventive implications (Helferich et ah, 2008; Messina & Messina
2003).

Structurally and functionally, genistein is similar to estradiol-17p (E2) that is
produced endogenously in human ovaries (Wuttke et al., 2007). Because of the structural
similarity, genistein exerts estrogenic effect by acting on estrogen receptors, though the
effect is much weaker (Duffy et al., 2007; Rice et al., 2006). Increasing evidence shows
that high circulating endogenous estrogen encourages cancer growth particularly of the
breast tissues (Henderson et al., 2000); It is believed that the competitive binding
characteristic of genistein as a ligand on estrogen receptor has the potential to reduce the
exposure of certain organs to the effect of the stronger endogenous estrogen, leading to
inhibition of carcinogenesis (Peeters et al., 2003; Wuttke et al., 2007), even though at this
9

point experimental data is far from conclusive regarding the mechanisms and outcomes.
While the effects of genistein are best documented, the possible effects of other classes of
isoflavones on transcription activities and specifically how they might alter a number of
estrogen-regulated genes is a subject of active research today. A quick online PubMed
search with the key word isoflavone yields close to 10,000 entries.
Besides interacting with the estrogen receptor system, it is proposed that
isoflavones affect health via a number of other biochemical or hormonal pathways, such
as the inhibition of certain key enzymes that convert androgens to estrogens relating to
the growth of breast cancer cells (Helferich et al., 2008; Rice et al., 2006), inhibition of
tyrosine kinase and DNA topoisomeraase I and II (Knight 95; Fitzpatrick 2003),
inhibition of oestradiol-stimulated growth in MCF-7 cells by down-regulation of the PI3kinase/Akt signalling pathway (Anastasius et al., 2009). The mechanisms are complex
and not completely understood.
G. The Health Benefits of Soy
Even though inconclusive, recent research studies suggest an association of
dietary isoflavones and a number of health benefits, many of which have significant
public health implication in the United States. For instance, some evidence has linked soy
intake to a number leading causes of death in the country, namely, breast cancer (Kim et
al., 2008; Korde et al., 2009; Wu, Ziegler et al., 1998; Wu et al., 2008), prostate cancer
(Jian, 2009., Nagata et al., 2007; Sonoda et al., 2004), colon cancer (Oba et al., 2007),
and cardiovascular diseases (Van der Schouw et al., 2000; Zhou et al., 2004), Other
suggested health benefits include osteoporosis (Poulsen & Kruger, 2008), menopausal
symptoms (Kim et al, 2006) and even cognition (Lee et al., 2005; Zhao et al., 2007).
10

The interest in soy and cancer prevention began to emerge with the
epidemiological observation of a peculiar contrast regarding certain cancer incidences
and dietary habits between the West and the East: In Asia, there is a generally high soy
consumption and low incidences of breast and prostate cancers, while the West generally
has low soy consumption and high incidences of the two same cancers (Kotanoda et ah,
2007; Matsuda et ah, 2007). Notably, migrant studies observed that Asian immigrants to
United States experienced an increase in breast cancer incidence compared to Asians
living in their home countries (Ziegler et ah, 1993), and that the increase in breast cancer
incidence appears to correspond with the number of years in migration (Wu et ah, 1996),
suggesting that factors other than genetics may be responsible for the discrepancy. Lee et
al (1991) was the first to identify and suggest that a high soy diet might be protective of
breast cancer among premenopausal women in a case-control study. Subsequently a
number of studies have emerged that examine the association of breast cancer and soy
consumption. The “Japanese Phenomenon” is now coined to explain the low incidence of
breast cancer among Japanese women whose main protein needs are met by soy products
rather than meat as it is by their Western counterparts who experience high incidence of
breast cancer (Wuttke et al., 2007).
H. Health Research on Soy: The Controversies
Despite heightened interest in consuming more soy products in the West, research
data on the health benefits of soy so far has been highly variable, giving rise to confusing
messages about soy. It is difficult to make health recommendation with these seemingly
conflicting reports of soy benefits and risks. Indeed, there is still no consensus among
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scientists regarding the cancer protective benefits of soy (Messina, McCaskill-Stvenes et
ah, 2006).
Multiple factors could have contributed to the discrepant outcome across studies;
the followings are just some of them:
1. Study Design
Most research that demonstrated the benefits of soy and breast cancer
involved case control studies (Kim et ah, 2008; Lee et al., 1991; Linseisen at ah, 2004;
Thanos et ah, 2006; Torres-Sanchez et al., 2000; Sanderson et al, 2004; Shu et al, 2001;
Wu et al., 1996; Wu, Wan et al., 2002; Wu et al., 2004; Wu et al, 2009) or cross sectional
studies (Jakes et al., 2002; Nagata et al., 2005; Ursin et al., 2006; Wu, Stanczyk et al.,
2002; Wu et al., 2007) which are not the best research design to answer questions about
the causal effect of diet and health or disease.
Epidemiological studies so far have produced mixed results. Most prospective
studies show non-significant association: A French study showed that pre menopausal
breast cancer risk was not related to isoflavone intake (Touillaud et al., 2006); likewise, a
California study among predominantly non-Asian women (96% of all subjects) found a
non-significant association between dietary isoflavone and breast cancer (Hom-Ross et
al, 2002); Isoflavone intake was not associated with breast cancer risk among a group of
British women (Travis et al., 2008). The postmenopausal Dutch women who were on
high soy protein diet did not reduce their risk for breast cancer compared to the controls
(Verheus et al., 2008). A Japanese study again produced a null finding (Nishio et al,
2007). However, one prospective study conducted in Japan (Yamamoto et al., 2003)
showed only a certain soy food namely miso soup was associated with a reduced risk of
12

breast cancer. One prospective study show that exposure to all isoflavones was actually
associated with increased breast cancer risk (Grace et ah, 2004).
2. Dual Actions of Phytoestrogen
The conflicting results published on the effects of isoflavones on a variety
of estrogen-regulated organs point to the possibility of both beneficial as well as
adverse effects of soy. The controversy could be partially explained by the dual actions
of phytoestrogen. Though exerting a far weaker estrogenic potency than the endogenous
estradiol-17p, experimental studies indicate that isoflavones could either stimulate or
inhibit the growth of estrogen-sensitive tumors (Hwang et ah, 2006). There is some
indication that there is a critical period of dietary exposure for carcinogenesis of the
breast tissues. Some studies indicated an association of breast cancer risk reduction and
soy intake in adolescents (Shu et ah, 2001; Wu, Wan et ah, 2002) or the protective
effect of a long term soy intake that began in puberty years (Jakes et ah, 2002; Lee et
ah, 2009), but no relationship when it was introduced and consumed in adulthood
(Tempfer et ah, 2007). The inconsistency suggests the cancer protective benefits are
perhaps best expressed when the food is first introduced during childhood or puberty—a
period when breast tissues undergo maximal growth and development and are most
sensitive to environmental stimuli. Further observation that the effects of soy
consumption were protective among pre menopausal and not post menopausal women
(Trock et a.,1 2006) has led to the hypothesis that the effects of the isoflavones are
perhaps modulated by the estrogen status of the individuals. That is, isoflavones may
act as estrogen agonist in a low-estrogen environment or antagonist in a high estrogen
environment (Hwang et ah, 2006; Duffy et ah, 2007). However, the dual and
13

contradictory physiological actions of phytoestrogen may depend on more variables
than merely the estrogen status: Some studies found that isoflavones did not reduce
breast cancer risk in postmenopausal women (Grace et ah, 2004; Nishio et ah, 2007;
Verheus et ah, 2008), but other studies show a protective effect in the same group of
women (Maskarinec et al., 2009; Wu, Stanczyk et ah, 2002); Meanwhile, some studies
demonstrated that dietary soy isoflavones did not interfere with tamoxifen metabolism
in women with breast cancer (Guha et ah, 2009; Wu et ah, 2007), indicating that high
soy intake will not adversely affect high risk women. The inconsistent findings suggest
there may be more variables involved in the health- risk continuum of soy isoflavones.
3. Different Bioactive Components in Soy
There are different bioactive components in soy. Within the isoflavone
class, a high variability is present in the metabolism between glycosides versus aglycone
(Erman et al., 2004). The isoflavones naturally present in dietary sources are in
glucoside forms—daidzin, genistin, glycitin. These sugar moieties are not bioavailable
until they are converted to their free forms (aglycone)—daidzein, genistein, glycitein and
are absorbed by the gut to exert their potentially protective effects (Duffy et al.,
2007).The amount of aglycone present is about 60% of the total weight of the glycoside
(Erman et al., 2004), which means 100 mg isoflavones may represent anywhere from 60
to 100 mg active isoflavones depending on the type of soy products. The biological
activities of the subclasses within the aglycone family are quite different too. For
instance, genistein and equol—a metabolite of daidzein, are believed to be more
estrogenic than daidzein (Knight 1995, Setchell et al., 2002). Furthermore other
metabolites of isoflavones, many of which are still under investigation and not yet well
14

characterized, may also contribute to the anti-oxidant or anti-cancer functions of
isoflavones (Boersma et ah, 2001, Mortensen et ah, 2009). Unfortunately, most research
studies when reporting findings didn’t made a distinction between the active aglycone,
inactive glycosides and other active metabolites of the isoflavones.
4. Different Assessment of Soy Intake
Additionally, there appears to be a lack of standard assessment of the
exposure variable in research: some studies use a crude assessment of soy protein (Lee et
al, 1991; Shu et al., 2001); some measure total isoflavones (Nagata et al., 2005); some
make a detailed breakdown of the isoflavone constituents into daidzein, genistein, and
glycitein (Grace et al., 2004); some assess soy food as frequency of consumption (Wu et
al., 1996; Nishio et al., 2007); some discuss the serving size and frequency of
consumption of soy products (Fang et al., 2005; Shu et al, 2001); while others make a
distinction among different types of isoflavones in soy foods, in addition to frequency of
consumption and number of servings (Hom-Ross et al., 2001; Rice et al., 2001; Wu et al.,
2002); yet others make multiple assessments of the dietary exposure: dietary soy, urinary
excretion and serum levels of soy (Grace et al., 2004). Different studies employed
different units of measurements for the dietary exposure such as total/mean/median per
day of phytoestrogen, isoflavones, soy products, or soy protein (see appendix C).
Evidently, there are a number of ways and combination of ways to define soy food
consumption.
Crude assessment of soy isoflavone ignores the different biological activities of
its constituents, and comparing findings from research studies that employ different
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definition of the dietary exposure probably isn’t the best way to arrive at any definitive
conclusion about the relationship of soy intake and disease outcome.
5. Different Kinds of Soy Products
A number of soy products are available on the market today and when
analyzing their health effects one needs to keep in mind about their variable
macronutrients and micronutrients. The nutrient values of Western soy foods are in stark
contrast with some of the traditional orient soy foods: for instance, popular Japanese food
Natto is a rich source of geneistein, as well as iron, magnesium and potassium, whereas
common western soy meat analogue such as Big Frank has little or no amount of the
same important nutrients (See appendix B for details). Protein concentration is yet
another example of how this nutrient differs widely depending on the processed state of
soy: from a high 90% protein in isolated soy protein to 70% protein in soy concentrates,
to about 50% protein in soy flour or textured soy protein, to 40% protein in whole
soybean (The soy story, 2007). It would be misguided to discuss these soy products and
their health benefits as if they were one same product.
Daidzein, genistein, glycitein are present in variable concentrations in soy foods.
Table 4 shows that among the soy whole foods (excluding soy flour or protein isolates),
natto—the Japanese traditional staple has the highest total amount of isoflavones; and
tempeh—the Indonesian traditional soy food, has the highest concentration of genistein.
Overall, Asian traditional soy foods such as tofu, miso, natto and tempeh have at least
seven to 15 folds more genistein than the common soy food sources of a western diet
such as the popular soy meat analogue Big Frank. The nutrient composition of
manufactured soy versus intact soy products, traditional versus non traditional soy foods
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and their health implications have not been adequately documented. Additionally, one
needs to bear in mind that soybeans grown in different part of the world have different
levels of isoflavones, for instance soybean from Brazil—the world number two soy
producer has about 88 mg of isoflavones per 100 gram of soybean, whereas soybeans
from Asia have higher levels of isoflavones (i.e, Japan soybean has 120mg, Korea
soybean 145mg) except for soybeans from Taiwan (60mg of isoflavone) (USDA, 2007).
The concentration and profile of these compounds in soy based products and soy protein
ingredients are subject to many environmental factors such as harvesting, processing or
storage (Genoverse et al, 2007). Until a more comprehensive and complete database of
the content of isoflavones and even other phytoestrogen groups of the most common
foods is available, it would be difficult to make precise observation about disease risk and
incidence.
6. Different Populations: Asians versus Non-Asians
Appendix C provides a summary of past health research of soy in three
distinct population groups, non-Asians in America and Europe, Asians in America and
Asians in Asia. It is worth noted that most research studies that support a connection
between soy consumption and breast cancer have involved ethnically Asian populations.
Studies that involved non-Asians on the other hand, produce variable findings: either no
association (deKleijin et al., 2001; Horn-Ross et al., 2000, 2002; Touillaud et al., 2006,
Travis et al., 2008), or positive association or increased breast cancer risk (Grace et al,
2004) or negative association (Linseisen et al., 2004; Torres-Sanchez et al., 2000; Thanos
et al., 2006). The following factors may contribute to the equivocal findings.

17

a. Sources ofSoy First of all, the dietary sources of isoflavones are very
different for the Asians living in the East compared to the Non-Asians in the West.
Research findings confirm the traditional Asian soy foods sources: for the Chinese in
Shanghai soy foods mean tofu, soymilk, fresh and dry soybeans, and various process
soybean cakes (Chen et ah, 1999; Shu et ah, 2001). For the Chinese in Singapore, soy is
pretty much the same kind of food as their Shanghai counterparts: tofu, and peculiar
traditional soy products such as taupok (dried pressed tofu), taukwa (bean curd cake),
foodpei, foojook, tofu-far (Ursin et al., 2006; Wu et al., 2002). The dominant source of
soy for the Chinese in Flong Kong was found to be a variety of tofu (Chan et al., 2007).
For the Japanese living in America, soy definitely means tofu as one study found that
100% of the subjects consumed tofu and only 10% of them ate soy nuts and soy milk
(Rice et al, 2001). Similarly, tofu and natto contributed almost 70% of isofalvone intake
by the middle age women in Japan (Otaki et al., 2009), while miso soup was a prominent
soy food item in the lives of the Japanese in Japan as it was consumed by almost all
(97.3%) of the subjects in one study (Yamamoto et al., 2003).
The sources of dietary soy in Western population on the other hand show quite a
contrast: in North America, Horn-Ross and his colleague (2000) found that the major
sources of phytoestrogen among the non-Asian Californian women were doughnuts and
white bread—representing foods with added soy flour. Indeed, doughnuts—the
American favorite snack was the major source of genistein and daidzein in this
population. In the Framingham study (deKleijin et al., 2001), the predominant source of
dietary isoflavones (almost 60% of intake) among the post menopausal women came
from beans, peas, coffee, tea and nuts. Soy only contributed a mere 3% of all isoflavone
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intake in this population. Likewise, soy plays a very minor role in the Canadian diet as
less than 5% of the 6400 subjects in the study consumed soy foods (i.e, tofu, soybeans,
soy milk and soy powder drinks); and the more common isoflavone sources came from
green beans, other legumes and raisins, all of which have much lower isoflavone
concentration compared to soybean (Thanos et ah, 2006). The Mexican women in South
America found their main food sources of phytoestrogens in onions, lettuce and tea
(Torres-Sanchez et al., 2000). In Europe, the most frequently consumed soy foods were
found in non-traditional soy products. For instance, dairy substitutes such as soy cheese,
soy yogurt, and soy ice cream were the major soy foods in UK and France, grain products
in Italy, and soy meat substitutes in Denmark (Keinan-Baker et al., 2002). The Norfolk
(United Kingdom) cohort appears to eat the same way as their American counterparts:
more than 60% of their dietary isoflavones were derived from bread and bakery products
where soy products are used as emulsifiers to prolong shelf life (Grace et al., 2004). In
Germany, the total isoflavones intake was too low to assess and so other phytoestrogen
groups were studied in relation to breast cancer risk. Just as the Americans, the main
source of daidzein for the German came from coffee (Linseisen et al., 2004). Evidently,
sources of isoflavones or phytoestrogen are culturally and geographically dependent.
Unlike in Asian studies, soy food is not used as the crude proxy of phytoestrogen in most
European or Non-Asian studies. Appendix C presents a comprehensive look at 27
studies: nine studies conducted among non-Asians in North America and Europe
(appendix C table I), seven studies among the Asians in United States (appendix C table
II), and 11 studies among the Asians in Asia (appendix C table III). These three tables
provide a detailed comparison between different ethnic groups in different countries in
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terms of their main soy food sources, mean daily intake of isoflavones/soy products/soy
protein, and the association with the breast cancer risk if there is any.
In general, Asians mostly eat soy products that are made from whole or dehulled
soybeans whereas most human intervention or observational studies conducted in the
West involved soy concentrates, soy isolates, isolated isoflavone mixtures, supplements,
or pure genistein. The effects of phytoestrogens found in these different products on
health are not sufficiently quantified and compared. One good example would be the
popular fermented soy food of the Japanese, miso is said to be more biologically
absorbed (Fitzpatrick, 2003). When a distinction is made between different types of soy
food products, at least one study (Yamamoto et al., 2003) found that only consumption of
miso soup, and not other soy foods, was associated with reduced risk of breast cancer
among the Japanese women. Whether miso partially contributes to the many positive
findings between soy consumption and breast cancer risk reduction reported in Japan is
not known.
b. Amount of Soy The second contributing factor to the inconsistent
research findings is perhaps in the amount of soy consumed. Asian populations in general
consume more soy products than the Western populations. Asians consume on average
40 mg of isoflavones each day, at least 10 times more than Americans do (Arai et al.,
2000; Kimira et al., 1998). The European intake level is very low as well, ranging from
less than 120 pg (Touillaud et al., 2006) to about 400 pg per day (Grace et al., 2004). The
very low soy intake in the West may influence one’s ability to detect an association even
if there is any.
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Some authors are of the opinion that there could be a threshold dose for
isoflavones to exert its health effect and thus the intake of isoflavones among the nonAsians may be too low to detect any significant association (Fitzpatrick, 2003). The
homogenously high or low soy consumption in either population presents a limited range
of variation in the exposure variable. Such restricted variation within the same population
makes it difficult to identify breast cancer risk, if there is any, between high/low and
moderate daily soy consumers (Peteers et ah, 2003).
c. Early Exposure ofSoy Furthermore, Asians generally consume soy
while they were young, and the early exposure of soy foods in the Asian population may
accord certain degree of protection (Korde et ah, 2009, Lee et ah, 2009). Such protective
benefits are not seen in the non- Asian populations who are typically introduced to soy
product at much later stage in life. The effects of high levels of soy intake on breast
cancer risk are not well documented among non-Asian women (Hargreaves et ah, 1999).
d. Ethnic Difference In addition, there is a suggestion that ethnic
differences may contribute to the differential response to isoflavones, one of them being
the difference in estrogen receptors (Fitzpatrick, 2003). The second ethnic difference may
come from body size differences between Asians and non-Asians which could indicate
that different minimum amount of isoflavones was required for each ethnic group
(Messina, McCaskill-Stevens & Lampe, 2006).
e. Equol versus Non-Equol Metabolites Lastly, genetic predisposition has
been proposed to be another factor. Daidzein can be metabolized further into equol and
O-desmethylangolensin (Frankenfield et ah, 2004). Equol is a metabolite that is produced
exclusively in the gastrointestinal tract by bacterial degradation of daidzein (Frankenfield
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et al., 2004). This non-steriodal estrogen, produced only by only about 30% to 50% of the
people is suggested to be the most biologically active of all isoflavone metabolites
(Setchell et ah, 2002). In clinical trials, suggestion of “equol and non-equol producers” is
provided to account for the variability of soy effects observed in different individuals
(Bolca et al., 2007; Fuhrman et al., 2008; Hargreaves et al., 1999; Ishimi, 2009), though
some study provided no evidence of any breast cancer risk reduction with equol
producers (Atkinson et al., 2008). Factors that influence the equol-producer phenotype
are not well understood at this point (Lampe, 2009).
7. Different Lifestyles
Lifestyle such as diet and physical activity has always been considered as
a confounding factor in the diet and disease equation (Lilienfeld, 1975). Asians who
embrace soy as their staple food for centuries are also known to live a healthier lifestyle.
For instance, soy intake appears to be a marker of a traditional diet and lifestyle which is
typically low fat, more green tea, and more exercise among the Chinese, as demonstrated
in one study (Zheng et al, 2005). It is not known whether it is the soy or other
components of the traditional Asian diet and lifestyle that are contributing to the benefits
of soy.
While soy foods generally are perceived as healthful in the West, they are not part
of the traditional Western diet. Soy consumption is a relatively recent development in the
West, indicative of healthy eating choices that emerge as a result of heightened public
awareness and aggressive marketing by the food industry. A national survey among some
770 U.S. consumers reveals that soy consumption occurs in part due to perceived health
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benefits associated with the food, with some top reasons quoted being “soy helps me lose
weight” or “soy is low in fat” (Wansink and Chan, 2001).
A traditional Asian diet is also known as one that uses garlic, onion (for the
Chinese) or herbs and spices (for the Indians or Indonesians) liberally in their food
preparation. The Chinese typically drinks more green tea than coffee. The traditional
Japanese diet is rich not only in soy bean products but also fish (Sonoda et al., 2004). The
same cannot be said for a typical Western diet. Garlic, onions, herbs, spices and green tea
have been increasingly recognized as rich sources of phytochemicals that have important
beneficial health effects. It is therefore a fair observation that the western population who
consume soy frequently may not be the same as the Asian population who consumes soy
regularly. Higher soy consumption in the Western population may reflect an overall
healthful lifestyle that is not so easily identified or controlled the same way as the Asian
population. More studies are needed to conduct among soy consumers among the western
population to better understand their lifestyle or dietary characteristics that may or may
not be distinctive from the non-soy consumers.
8. Summary
Conclusion about the health effects of soy is probably premature at this
point due to the inherent physiological complexities of phytochemicals found in soy,
incomplete understanding of the activities of many possible metabolites of isoflavones,
different definition of the soy foods, crude assessment of the exposure variable,
heterogeneity of study population that results in metabolic variability, as well as
deficiencies in research methodologies or designs. A comprehensive database of various
phytoestrogens in a wide variety of foods, especially ethnic foods, may help reduce
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biased estimates of effects and misinterpretation of findings. More research studies with
designs or methodologies that are able to address as many of these deficiencies as
possible are needed.
I. Adventist Health Study
The Adventist population in the US is a population with peculiar dietary habits
which are characterized by abstinence from pork and certain seafood, and a very low
prevalence of smoking and alcohol consumption. Adventists overall eat more fruits and
vegetables, fewer eggs, less donuts and coffee, and they are also physically more active
(Fraser 2003). They live longer (Fraser et ah, 2001) and have fewer incidences of many
cancers (Fraser et ah, 1991; Mills et ah, 1994; Singh et ah, 1998) and coronary heart
disease (Fraser et ah, 1992; Sabate et ah, 1993).
With a population of about one million in North America, the Adventists are
known to have a wide variation in dietary practice. A case in point is in their adoption of
vegetarian diet. Today approximately 31% of the church members are lacto-ovovegetarians (he., eat dairy and eggs), 4% are vegans (he., eat no meat, dairy or eggs),
11% include fish with their otherwise vegetarian diet, 6% are semi-vegetarian and about
46% are non-vegetarians (Butler et ah, 2007).
The Adventist Health Study-2 (AHS-2)—a follow-up longitudinal study of
Adventist Health Study-l(AHS-l), enrolled about 96,000 participants between 2002 and
2007. A few features distinguish the AHS-2 study from many other epidemiological
studies: the study cohort has a large number of subjects living across a wide geographical
area of the North America continent; the population has a wide range of dietary exposure;
the church membership due to its global orientation has a good ethnic mix; and finally the
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research team has novel and rigorous dietary measurement tools that correct many
inherent biases or errors. All of these enable the AHS-2 to provide high quality research
data that will elucidate relationship between dietary habits and disease incidences in ways
that are not matched by any other research thus far.
One of the primary goals of the AHS-2 study is to investigate the association
between soy proteins and isoflavones on the risk of prostate, breast and colon cancers
among the white and black Adventists in North America. As noted, past soy research is
beset with a number of limitations and confounders. To study the link between soy intake
and disease incidence more precisely it is important to identify, account and control as
many of the confounders as possible. Before data on disease outcome and soy exposure
becomes available for the AHS-2 cohort, descriptive data about the sources of soy foods,
the consumption pattern, and characteristics of soy food consumption in this population
may help identify certain confounders. While it would be a massive undertaking to
quantify and qualify all potential confounders, this dissertation study will focus primarily
on the social, demographic, lifestyle, behavioral, and dietary determinants of soy food
consumption. Because Adventists are known to also practice a number of other health
habits as noted in many research studies, it would be useful to find out if there are any
distinguishing characteristics of soy consumers within this population.
J. Correlates of Soy Consumption
To date very little is written about the correlates of soy food consumption in the
American population, and none about the Adventist population. We know very little
about the soy consumers in America, and more specifically in the Adventist population
who is considered healthier by a number of standards, for instance they adhere closer to
25

the dietary recommendation by AHA, World Cancer Research Fund, and American
Institute for Cancer Research (Fraser, 2003).
1. Studies on Soy Correlates
Since the early 1990’s, numerous observational studies have been
conducted to investigate the association of soy food consumption and disease incidence.
Information about the characteristics of soy consumers is usually not directly available;
and if it were, it would be scattered or embedded in primary data set pertinent to the
subject matter studied. In addition, much information about soy consumption is
manufacturing and proprietary food production data. The followings are information
gleaned from the research:
The Chinese living in Shanghai who consume high amount of soy foods
(142g/day) are found to be a population with low incidence of obesity (5%), low tobacco
use(2.4%), low alcohol use (1.9%), who eat lots of vegetables (298.2g/day) and fruits
(270.7g/day), drink lots of green tea and exercise regularly (Zheng et al, 2005). In the
study by Yamamoto et al (2003), the Japanese women who were high isoflavone
consumers presented a mixed picture of lifestyle: while they consumed more fruits and
vegetables, they also ate more meat and fish compared to the low consumers; however,
there were fewer smokers and alcoholic consumers among the high isoflavone
consumers.
One study conducted in Europe found a similar lifestyle trend: soy consumers
were more health conscious, they consumed greater amount of vegetables and fruits and
had more physical activity (Keinan-Baker et al., 2002). However, one Japanese study
(Nishio et al., 2007) indicated inconsistent findings: while soy consumers ate more
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vegetables, smoked less, they didn’t exercise more. Some of the latest studies found that
vegetarians were more inclined to consume more soy foods compared to non-vegetarians
(Schryver et ah, 2007; Deriemaeker et ah, 2008). Note that both were studies done among
non-Asians, which may suggest that soy consumption in the West is related to choices of
a healthier lifestyle.
Two recent studies in the U.S found that soy consumers have lower BMI
(Schryver et ah, 2007; Maskarinec et ah, 2007). One theory is that soy may promote
weight loss (Liao et ah, 2007) though the research results are inconsistent (St-Onge et ah,
2007). There may be gender difference in soy consumption: more women (71%) than
men (29%) consumed soy in one study (Keinan-Baker et ah, 2002), a finding that is not
unexpected as many of the postulated benefits of soy either pertain to women’s health
(e.g., breast cancer, osteoporosis) or appeal to women’s interest (e.g., weight loss).
Only two studies conducted in the U.S. so far were found to be designed
specifically to examine the demographic, social, lifestyle, cultural and dietary correlates
of soy foods consumption. The first study was conducted among older Japanese
American women and it found that the soy consumers were also those who avoided
butter, drank more non-fat or low fat milk, ate more steamed fish, yellow and red
vegetables; and walked more blocks per day (Rice et ah, 2001). The second study was
done among women with a family history of breast cancer and the results reveal that soy
consumers were healthier compared to non soy consumers, that is they ate less fat but
more vegetables and fruits, exercised more; furthermore, they were more educated (Fang
et ah, 2005). Both of these studies are limited to women middle age and older. No large
scale cohort study that includes both gender and wide age groups has been undertaken.
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2. Adventist Soy Consumers
There is no comprehensive assessment of soy correlates in the Adventist
population, despite the high intake level. The following are correlates of soy consumption
pertinent to the AHS-2 population. A complete list of the soy food correlates will be
presented in chapter three.
a. Cultural and Racial Correlates As noted earlier, food sources of soy
are culturally and racially dependent. A study among the Japanese women in America
yields one cultural aspect of soy consumption. It found that the strongest predictor of
dietary soy isoflavone intake was whether the subject spoke her mother tongue i.e.,
Japanese (Rice et al., 2001). Unfortunately, the AHS-2 questionnaire is not able to
provide any information about the association of language spoken and soy consumption,
but the questionnaire may be able to provide other culturally related data. For instance,
questions about place of birth of the subject and his/her parents, and country in which the
subject grew up between 6-16 years old are an indication of migration status. Indeed, one
of the earliest studies among Asian Americans found that other than Asian ethnicity, birth
place is an important determinant of tofu intake in this population (Wu et al., 1996).
Intake of the traditional tofu was almost twice as high among the Asian American women
born in Asia compared to those born in the U.S. in this cohort. Later, the same author and
her research team found that number of years in residence in U.S. was also a determinant
of soy consumption in that it was negatively correlated with amount of soy intake (Wu et
al., 2002). In another study on the influence of immigration on dietary choices, the
authors (Park et al., 2005) found similar trend: Korean Americans who were bom in the
USA consumed less soy products than those who were born in Korea. In the Adventist
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cohort, nothing is written yet regarding the relationship of birth place or migration history
and soy consumption.
Furthermore, whether soy intake level is different in different ethnic groups in the
Adventist population is unknown. At least one study (Wu et ah, 2004) found that
ethnicity is an important determinant of soy consumption. Among the Asian Americans,
intake of soy was highest among the Chinese, intermediate among the Japanese and
lowest among the Filipino. Characterization of soy consumption based on ethnicity may
also provide us information about the sources of isoflavones which are very different.
The large Adventist cohort with a mix of Whites, Blacks, Hispanics, Asians and other
minority groups, many of them were not born in the U.S could provide a good data set for
one to examine the racial, ethnic, or cultural determinants of soy consumption.
b. Religion Correlates Whether soy consumption is religiously motivated
has never been examined. A large majority of the Adventist cohort (63.7%) became a
member of the church by age 15 (Butler et ah, 2007). Given that religion has a huge
influence on its members’ dietary choices as evident by the earlier studies on the
Adventists; it is conceivable that early age of baptism is associated with early soy
consumption. Nothing has ever been written about the relationship between age of
baptism and soy consumption. The AHS-2 questionnaire does not assess early or
adolescent soy intake; however, given the church’s promotion of vegetarianism, age of
baptism could be used as a surrogate for early soy consumption.
c. Dietary Correlates While we know Adventists are generally healthier
compared to the American population, not much is known about the dietary practices of
the sub group of soy consumers in this population. Are the Adventist soy consumers
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leading a healthier lifestyle than Adventist non consumers in terms of dietary practices
and physical activity as noted in other studies?
d. Other Correlates Many other characteristics of the soy consumers in
this population remain largely unknown. For instance, are there more female than male
soy consumers in the Adventist cohort? Are they more educated since soy consumption
as highlighted in research is mostly a choice rather than a lifestyle, at least among the
Non-Asians (Fang et ah, 2005; Wansink et ah, 2001)? Are there differences in soy
consumption pattern across the different geographical areas in the country? What are
their sources of soy foods? Are the sources more like those of the typical Westerner’s or
Asian’s? Within the subgroup of Adventist soy consumers, are there any ethnic
differences? Answers to these questions could provide us some insight into the
intertwining fabric of personal, social and environmental factors that contribute to soy
consumption.
K. Conclusion
The health benefits of soy have attracted much attention in both the consumer and
scientific world. However, the above literature review clearly demonstrates that evidence
on health benefits of soy is inconclusive due to many research limitations. Many of the
research linking soy to health come from studies in the Asian population. The AHS-2 is a
unique epidemiological study due to the diversity of dietary habits of the study
population, and it is one study conducted in the West with multi-ethnic representation.
Nonetheless, at this point there is a lack of information about the soy consumers in this
population. A descriptive study on the profile of soy consumers in the Adventist
population is currently non-existent but would clearly serve an important purpose in that
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it will help us understand better the relationship between soy consumption and various
lifestyle or dietary related factors, some of which may be important confounders. This
knowledge will subsequently help us analyze more precisely the relationship between
diseases incidences and dietary practices, which is one of the ultimate goals of the
AHS-2.
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CHAPTER 3
METHOD

A. Overview
This section will begin with a brief description of the study design and population
in AHS-2, followed by the dietary assessment that provides data about the dependent and
independent variables in this study. A description of the data analysis will be presented,
and limitations and ethical issues discussed.
B. Study Design
This study employed an observational, cross sectional design using the baseline
data from the AHS-2. All AHS-2 participants completed a lengthy 48-page questionnaire
that addresses issues relating to diet, medical history, female history, physical activity
and many other lifestyle related topics. The questionnaire is divided into seven major
sections (i.e., section A to G), of which the Food Frequency Question (FFQ) constitutes
one major section (section B) and part of section F. The details about recruitment and
selection process have been described elsewhere (Butler et al., 07).
C. Study Population
The AHS-2 study population are Seventh-day Adventist church members living in
the USA and Canada who are 30 years and older. The final cohort is comprised of over
97000 subjects, however this study, given its focus on soy consumption only, we used
data with a fully ‘cleaned” nutritional portion of the questionnaire. Therefore the number
of subjects for this study was 62,653. Since the original criteria for the AHS-2 Study
were attendance of a White or a black church, the racial composition of this subgroup of
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individuals was as follows: Non-Hispanic Whites 71.0%; Blacks 22.6%, Hispanics 3.8%;
Asians 2.5%. The Asians include Chinese, Japanese, Koreans, Filipinos and Vietnamese.
D. Dietary Assessment
The dietary assessment was obtained in the form of a Food Frequency
Questionnaire (FFQ) located within the AHS-2 lifestyle questionnaire. The FFQ
establishes eating habit in the past 12 months assessing the usual or average diet of the
participant during the past one year. The validity of the FFQ in assessing soy protein in
the AHS-2 population has been established and it is found to be a good index of soy
isoflavones (Jaceldo-Siegl et al., 2008).
The AHS-2 FFQ is a comprehensive 22 page instrument consisting of 204 foods,
54 questions relating to food preparation, and 46 fields for open-ended questions. The
frequency section includes up to nine categories: never or rarely, 1-3 per month, 1 per
week, 2-4 per week, 5-6 per week, 1 per day, 2-3 per day, 4-5 per day, 6+ per day.
Portion sizes are presented in three levels: standard, % or less, 1 Vi or more. Standard
portion sizes are defined using familiar units such as cup, teaspoon, slice, patty, links and
others. Along with the questionnaire color photographs were sent to participants to assist
them in determining portion sizes.
Soy intake was assessed by 51 items established in the AHS-2 FFQ. There are 34
items about the commercial soy products, and 6 open-ended questions querying
respondents about the meat analogue consumption. One section specifically addresses
soy or rice drink: 15 types of soy based beverages and 2 open-ended questions are given.
The traditional soy foods were not known to be consumed regularly in the Adventist
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population at the time when the FFQ was developed, thus soybeans, tofu and soybean
curd were combined into one item in the questionnaire.
E. Dependent or Exposure Variable
Dietary soy is the dependent variable for this study. Soy foods were classified into
the following 4 types: soy milk, traditional soy which includes tofu and soybean, meat
analogue and total soy food which is the sum of the above three types of soy food. Meat
analogue refers to textured soy protein products, which include foods such as
Worthington Big Frank, Loma Linda Fried Chick, Momingstar Farms Chick Nuggets,
Vibrant Life Vegeburgers.
Soy consumption is defined as frequency of soy food consumption. Up to nine
frequency levels are presented in the questionnaire, but this study re-categorized them
into 4 levels and defined soy consumers accordingly. The details are summarized in table
3.

Table 3. Definition of Soy Consumers versus Non-consumers
Category
Never
Occasionally
Weekly
Daily

Frequency
0

1 to 3 times/month
1 to 6 times/ week
1 or more times/day

Consumers/Non consumers
Non-consumers
Non-consumers
Consumers
Consumers

A vegetarian diet is widely promoted in the Adventist religion, and in all official church
functions such as church potluck a vegetarian meal is the expected menu. One would
expect some types of soy food being served in those occasions. Since about 98% of the
respondents to the AHS-2 questionnaire self-reported to be Adventists, it is a reasonable
assumption that there would be some Adventists who would consume some sort of soy
foods on some of the church related official gathering but would either never or rarely eat
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them in their homes. To distinguish these social consumers from those who actually eat
them regularly, we categorized soy consumers into the following category:
Non-consumers—which included the never and occasional consumers; and the
consumers—which include weekly and daily consumers
1. Methods for Calculating Frequency
A specific range of values for each category of frequency has been
established, and the values are based on the method of calculation according to Karen
Jaceldo (unpublished data). The values for the range per day as presented table 4 are used
as the cut-off points for each category of frequency adopted in this dissertation.
Table 4. Range of Values for Different Frequency Categories
Value

Category

Weighted
freq/day

Range/day

Range/week

1

Never or
rarely
1 - 3 / month
1 / week
2-4 /week
5 - 6 / week
1 / day
2-3 /day
4 + / day
6+/day

0

0

0

0.067
0.143
0.429
0.786
1
2.5

>0-0.117
>0.117-0.214
>0.214-0.643
> 0.643 - 0.929
>0.929- 1.5
> 1.5 - 3.5
>3.5

>0-0.814
>0.814-1.5
> 1.5 - 4.5
>4.5-6.5
>6.5-10.5
> 10.5-24.5
>24.5

2
3
4

5
6
7

8
9

4.5

6.5

The sources of dietary exposure of interest (i.e, soy foods) of this dissertation
were drawn from questions in section B, namely, B4 which pertains to the traditional soy
food; Section F, namely, F5, F6, F7, F8 which pertains to meat analogue; and lastly F9
which pertains to soy milk.
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F. Independent Variables
Epidemiology is concerned with “the study of the distribution of a disease or a
physiological condition in human populations and of the factors that influence this
distribution” (Lilienfeld, 1976, p.3). The AHS-2 aims to study dietary factors that
influence the distribution of cancer incidences. However, this dissertation focused only
on variables that were shown to be associated with soy consumption in past research as
well as their occurrence in the AHS-2 questionnaire. Appendix D provides a
comprehensive list of variables or soy correlates that have been identified in past studies
that examine the relationship between soy and breast cancer.
The following is detailed description of the independent variables and appendix E
provides a summary list of these variables.
1. Social Demographic Factors
Most data about demographic factors are obtained from section E:
“Census and Other Questions”.
a. Age Age was categorized into 3 groups: age 30 to 50, age 51-65 and
age 66 and above. Data on age are obtained from question # 1 in El
b. Ethnic Group The relationship between soy consumption and ethnicity
are explored by examining the consumption level and sources of dietary soy within
different ethnic groups. For the sake of this research ethnicity was divided into 4 main
groups: non-Hispanic Whites, Black, Hispanics, and Asians. Asian includes the Chinese,
Koreans, Japanese, Filipinos and Vietnamese. We excluded the Asian Indian from this
group even though it appears under the Asian group in the questionnaire. The Asian
Indians are not known to be traditional soy consumers.
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We further examined the ethnicity of parents with the objective of determining if
ethnicity of parents played a role in soy consumption, specifically if one of the parents is
Asian. Data on ethnicity of self and parents are obtained from question #3 in El.
c. Income Many of the soy meat analogues and soy milk are relatively
expensive compared to the equivalent meat products. It would be relevant to see if
income level determines the amount of soy products used by the subjects. Data about
income can be obtained from question # 17 in E3. Personal income was analyzed as a
categorical variable with 4 levels: 20,000 or less; 21,000 to 50,000; 51,000 to 75,000 and
76,000 and above. Household income was analyzed as a categorical variable with 3
levels: 30,000 or less; 31,000 to 75,000 and 76,000 and above. Such categorization was
guided by the distribution of our data.
d. Educational Background As discussed, most people in western
populations consume soy foods more as a result of an informed or educated choice rather
than a tradition; we wanted to ascertain if there was a relationship of education and soy
consumption. Data on education was obtained from question # 11 in E2. Education was
measured as an ordinal variable with nine categories in the questionnaire: Grade school,
some high school, high school diploma, trade school diploma, some college, associate
degree, bachelor’s degree, master degree, doctoral degree. For the purpose of our
analysis, we recreated the variable education with five levels: i) no high school, ii) high
school diploma, iii) trade school diploma / some college/ associate degree, iv) bachelor’s
degree, and v) master degree / doctoral degree.
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2. Lifestyle Factors
As indicated in chapter two, soy consumption appears to be correlated
with a number of characteristics of a healthy lifestyle; hence the following variables were
examined:
a. Body Mass Index (BMI) BMI was calculated by dividing weight in kg
over height in meters squared. The information is obtained from question #21 in E4.
BMI is a categorical variable with the classification based on National Institute of Health
standard reference of underweight (BMI <18.5), normal (BMI 18.5 -24.9), overweight
(BMI 25 to 29.9) and obese (BMI 30-39.9) and extremely obese (BMI >40).
b. Alcohol Consumption We wanted to find out if soy consumers drank
more or less alcohol. We used two questions from the questionnaire: Question # 34 in E7
established if the subject had ever used alcoholic beverages—irregardless of current or
past use. Question #35 established if the subject was a current or a past consumer of
alcohol. Thus, we ended up with 3 subcategories of alcohol consumption: no, yes (past),
yes (current).
c. Vegetarian Status Soy protein is a major source of dietary protein in a
vegetarian diet, so we wanted to find out about soy consumption patterns among different
types of vegetarians. Vegetarian status was divided into 5 groups: vegan, lacto-ovo
vegetarian pesco- vegetarian, semi vegetarian, and non-vegetarian. There was no direct
question ascertaining vegetarian status, the AHS-2 research team created a variable based
on the following definitions:
Vegan = Usual diet contains no animal products (red meat, poultry, fish, eggs,
milk and dairy products < 1 time/month)
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Lacto-ovo = Usual diet contains dairy products and/or eggs > 1 time/month but no
fish or meat (red meat, poultry and fish < 1 time/month)
Pesco-vegetarian = Usual diet contains fish > 1 time/month and dairy products
and/or eggs but no red meat or poultry (red meat + poultry < 1 time/month)
Semi-vegetarian = Usual diet contains dairy products and/or eggs and (red meat +
poultry > 1 time/month and < 1 time/week) and fish < 1 time/week
Non-vegetarian = Usual diet contains animal products (red meat, poultry, fish,
eggs, milk and dairy products > 1 time/week)
d. Physical Activity One marker of a healthy lifestyle is physical activity
level. The exercise variable has 4 levels: none, mild, moderate and vigorous, based on
mathematical calculation that includes 1) frequency of vigorous activity x minutes, 2)
frequency of jogging/running x distance, and 3) jogging/running freq x minutes. We used
the categorization created by the AHS-2 team. The data on physical activity is found in
section C.
3. Migration or Cultural Factors
a. Migration History Due to the Adventist church’s global evangelism
emphasis, Adventist churches in North America have a fair number of non-White
Caucasian and Asian members. Past studies have used years of residence in the U.S,
birthplace (U.S born versus non-U. S bom) and years of migration as indicators of degree
of influence of the host culture or acculturation (Wu et al, 1996; Wu et al, 1998). In our
present study, we assessed the effect of acculturation by birthplace of self, father and
mother, which is drawn from questions # 2 in El in the questionnaire.
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b. Religion Given the unique focus on healthy eating by the Adventist
church doctrine, the conversion to the Adventist faith may be used as an indication of the
beginning of or increased soy food consumption. Information about religion of self is
found in question #19 in E3; and age at baptism into SDA church comes from question
#20 in E4. Question 19 is a nominal variable with 9 categories of religion as stated in the
questionnaire;
G. Data Analysis
Statistical analysis was performed using the Statistical Package for Social
Sciences (SPSS) software, version 16 (SPSS, Inc., Chicago, IE). The data analysis was
run in the following steps: Step one was data preparation where dependant and
independent variables were created. Four dependent variables were determined: soy milk,
meat analogue, traditional soy and total soy food. Independent variables were created
according to the list in appendix E. Once these variables were coded, we examined
assumptions of normality and homogeneity of variance. Soy consumption was not
normally distributed as the range of values was found to be wide. Missing or incomplete
data was handled by a validated and mathematically sophisticated program that imputes
missing values and this has already been set up by the AHS-2 research team.
Next we ran univariate analysis of all the potential independent variables with
each of the four dependent variables, namely consumption of soymilk, meat analogue,
traditional soy and total soy. Each one of the univariate analysis was then assessed using
chi-square test of independence. Significant variables under the univariate analysis were
then entered in a multivariable logistic model. A separate logistic regression was
performed for each of the 4 dependent variables. The multivariable binary logistic
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regression was used to identify independent variables that were significant in predicting
soy consumption after adjusting for other important covariates. Dummy variables were
created for the categorical variables to be entered in the logistic model. Likelihood of soy
consumption indicated by odds ratio, and its corresponding confidence interval (Cl) was
assessed by logistic regression.
In addition, the Wald Chi-square for trend was used to assess if there was a
significant trend in the odds ratio for the ordinal independent variables. An alpha of 0.05
was used in the analysis.
H. Research Ethics
Since AHS-2 has already obtained its Institutional Review Board (IRB) approval
from the Loma Linda University, Office of Sponsored Research, the proposed study was
exempted. However, all the investigators involved in this proposed study were IRB
certified. As this study utilized data from the AHS-2, official permission was obtained
from the AHS-2 research committee as well.
The AHS-2 adheres to strict rules to protect privacy of its participants. All
participants of AHS-2 have had to sign an informed consent form as well as give
permission to allow their study team access to their hospital or cancer registry records.
Participants were assured that the their private medical records would only be used for
the purpose of the investigation and never be shared with any other organization To
protect the privacy of the participants, the only page in the AHS-2 questionnaire that
contains personal information such as names, social security number and address (Section
G) is kept separately from other parts of the questionnaire. The personal information is
needed by the AHS-2 team to track future health experiences which form the basis of the
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longitudinal research investigation. However for the purposes of data analysis or
publications, individuals, churches or conferences are never identified. Instead, every
participant is given a code, and all questionnaires are stored in locked file cabinets in
secured rooms.
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Abstract
Background
Much has been discussed of the potential health risks and benefits of soy consumption,
but very little is known about who the consumers are. Most of what is known has been
observed mainly in Asian populations who consume high levels of soy. Very little is
known about soy food intake in western populations who typically have low consumption
levels.
Objectives
To identify determinants of soy consumption by describing the sociodemographic,
dietary and other lifestyle correlates of soy food consumption in a health oriented
population in North America.
Methods
A cross sectional analysis were conducted on baseline data from a large prospective
study, investigating soy intake in 62,635 men and women, aged 30 and above, who
completed a self-reported Food Frequency Questionnaire.
Results
Three soy food types—soymilk, meat analogue, traditional soy were studied in relation to
selected variables. The degree of meat avoidance (vegetarian status) was the strongest
determinant for all types of soy food consumption (OR from 1.8 to 9.9, p < 0.05).
However, ethnicity, i.e., being Asian is a strong predictor (OR: 8.3, p < 0.05) for tofu and
soy bean consumption.
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Conclusion
This was the first study that provides a comprehensive assessment of determinants of soy
consumption among a western population. Using 3 different types of soy food, profiles of
each consumer type emerged. Overall, soy consumption is associated with being
educated, health conscious (avoidance of meat, more physically active), thinner and
younger (for traditional soy consumers). The consumer typology could serve as reference
for future studies.
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Determinants of Soy Consumption among a Western Health-oriented Population
Retail sales of soy foods have enjoyed a booming business in the U.S. over the past
decade, from an annual sale of about 0.8 billion in 1992 to about 4 billions in 2008 (1,2).
The increased sales of soy-based food products in the U.S. began in part due to the
cardio-protective health claim issued by the U. S Food and Drug Administration in
1999(3). Since then much has been discussed of the potential health benefits and risks of
soy consumption (4-6). Evidence of most known health benefits of soy intake come from
studies on Asian populations (7-11); and scientific evidence of its benefits in the US
(12,13) and other western populations (14-16) is limited and inconsistent. The reasons for
the discrepant findings are unclear, but what is clear is soy has been the staple food of the
people in Asia for centuries; soy intake there is high (17, 18), and forms part of the
traditional lifestyle in the East. On the other hand, soy intake in the West is generally low
(19, 20) and the increased intake is a recent development, mostly a result of education
(21). An exception is recently noted in Seventh-Day Adventists in North America. They
are the only group known so far with a Western diet that consumes soy at a level
comparable to their Asian counterparts in the East (22).
Despite the heightened interest and controversies surrounding soy consumption,
very little is known about who the soy consumers are. Studies on soy intake have been
limited to very specific populations, thus describing the characteristics of soy consumers
have not been possible. For example, a few studies involved women of middle age and
older (23, 24, 25). No large-scale cohort study that represents a wide range of age group
in the West has been undertaken to examine the characteristics associated with soy
consumption. By describing correlates of soy consumption in a high consumer group
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such as the Adventist population, patterns and determinants of soy consumption could be
identified. These findings will contribute to our understanding of potential factors
influencing soy food consumption in a low risk population. Knowledge about soy
consumers would provide dietitians and other health care providers valuable insight in the
planning or executing of relevant and effective intervention for this and other populations
who might benefit from a diet rich in soy.
The primary objective of this study was therefore to identify determinants of soy
consumption by describing the social-demographic, dietary, and other lifestyle-related
factors associated with it in the Adventist population.
METHODS
Subjects
The study population is Seventh-day Adventist church members living in the USA and
Canada who are 30 years and older. A large proportion of the population adopts a plantbased diet where about 36% are vegetarians (26). Other low risk lifestyle behaviors of
this population include an almost non-existence of smoking prevalence (1%) and alcohol
consumption (6.6%) (27).They are found to live longer (28) and have lower incidence of
many cancers (29-31) and coronary heart disease (32, 33). The racial composition of our
study population is as follows: Non-Hispanic Whites 71%, Blacks 22.6%, Hispanics
3.8% and Asians 2.5%. Table 1 shows the demographic characteristics of the AHS-2
population.
Design
This report is a cross sectional analysis of baseline data of Adventist Health Study-2
(AHS-2) - a prospective study of 97000 subjects who were enrolled between 200247

2007.The aim of the prospective study was to examine the effect of diet on diseases.
Subjects completed a comprehensive 48-page questionnaire that addressed issues relating
to diet and other lifestyle related 1 topics. The details about recruitment and selection
process have been described elsewhere (26).
The dietary assessment was obtained in the form of a Food Frequency Questionnaire
(FFQ) in the AHS-2 lifestyle questionnaire which assessed subject’s diet in the past year.
The FFQ is a comprehensive 22 page instrument consisting of 204 foods, 54 questions
relating to food preparation, and 46 fields for open-ended questions. The FFQ has been
validated to be a good index of soy isoflavones (34). As the goal of this study concerned
with soy consumption, we used only data from subjects who completed the dietary
assessment portion in the questionnaire. The number of these subjects in our study is
62,653.
Soy Food Consumption
Soy food is classified into three types: traditional soy—namely tofu and soybean, soy
milk, and meat analogue—commercial products containing a combination of vegetable
proteins, mostly from soy. Also reported is total soy food which is the sum of the three
types of soy food. Soy consumption is defined as the frequency of soy food consumption.
Up to nine frequency levels are presented in the questionnaire, but this study re
categorized them into four levels: (a) never—0 frequency, (b) occasional—one to three
times/month, (c) weekly—one to six times/week, (d) daily—one or more times/day. A
soy consumer is one who consumes at least once a week to one or more times a day (i.e.,
the weekly and daily consumers), and a non-consumer as one who never or consumes up
to three times/month.
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Soy intake is assessed by 51 items established in the AHS-2 FFQ. The meat analogue
section includes 34 commercial soy products and 6 open-ended questions; while 15 soy
beverage items and two open-ended questions address soy or rice beverage consumption.
The traditional soy foods were not known to be consumed regularly in the Adventist
population at the time when the FFQ was developed, thus soybeans, tofu and soybean
curd were combined into one item in the questionnaire. One question asks about soy
isoflavone supplement intake.
Soy Correlates
Several variables were selected based on their possible association to soy consumption as
indicated in the literature. These include gender, age, ethnicity, birthplace of self and
parents, body mass index, alcohol consumption, education, vegetarian status. Unique to
this population is age of baptism. The influence of religion on church member’s dietary
habit was taken into account by use of this variable.
Statistical Method
Statistical analysis was performed using the SPSS software, version 16 (SPSS, Inc.,
Chicago, IL). Univariate analysis of the potential independent variables was performed
separately for each of the four dependent variables namely consumption of soymilk, meat
analogue, traditional soy and total soy. The analysis was then assessed using chi-square
test of independence. Significant variables in the univariate analysis were then entered in
a multivariable logistic model. Multivariable binary logistic regression was used to
identify variables that are significant in predicting soy consumption after adjusting for
other important covariates. Four separate logistic regressions were entered for each of the
four soy foods. A total of nine independent variables or predictors were chosen and birth
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place was not entered into the logistic regression model because of its potential
multicollinearity relation with ethnicity (See table 4 for the complete list and findings).
Dummy variables were created for the categorical variables to be entered in the logistic
model. In addition, the Wald Chi-square for trend was used to assess if there is a
significant trend in the odds ratio for the ordinal independent variables. An alpha of 0.05
was used in the analysis.
RESULTS
Every eight in ten individuals (84.5%) in this health conscious cohort is found to
consume some sort of soy food at least once a week (see table 2).
Table 3 shows that within this cohort, Asians have the highest proportion of soy
consumers (92.3%), followed by Whites (86.1%), Hispanics (80.3%) and Blacks
(79.4%). About three-quarters of the Asians (74.8%) consume traditional food at least
once a week; compared to just about one third of Whites (33.5%), Blacks (27.8%) and
Hispanics (33.1%). The proportion of Asian Adventists who consume traditional soy on a
regular basis is 2 to 2'A times more than the other two ethnic groups. Traditional soy is
the most frequently consumed soy food for the Asians whereas meat analogue is the most
popular soy food for the non-Asians.
Our univariate analysis indicates that birthplace is highly associated with soy food
consumption especially the traditional soy. Only about one third of the Adventist
population who were born outside of Asia but more than 2/3 of those bom in Asia are
found to consume tofu or soybean (see table 3).
The following results show soy consumption as it relates to selected variables while
simultaneously adjusting for potential confounders.
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Gender
Males tend to consume less soy milk (OR 0.88) and meat analogue (OR 0.94), but there
was no significant difference between genders for traditional soy.
Age
Older people tend to drink more soy milk whereas younger people tend to consume more
tofu or soybean. Those who are 66 years and older are 23% more likely to drink soymilk
than their younger counterparts (30 to 50 years old). In contrast, the same older
individuals (66 years and older) are 20% less likely to eat tofu or soybean compared to
those 30 to 50 years old. Age was not related to meat analogue consumption.
Ethnicity
Compared to the Whites, all three ethnic groups (Blacks, Hispanics and Asians) appear
more likely to drink soy milk: the odds ratio for Asians is 1.65, Hispanics 1.37 and
Blacks 1.21. However, traditional soy consumption shows the greatest group difference
between Asians and Whites: Asians are 8 times more likely (OR 8.33) to eat traditional
soy than the whites even after adjusting for all other potential confounders. Ethnicity of
parents are not analysed in the logistic regression but the univariate analysis shows the
proportion of traditional soy consumers more than doubled when one parent is Asian
compared to non-Asian (about 74% vs 32%).
Body mass index
The underweight were less likely to consume all soy food types compared to the normal
weight individuals, and they avoided meat analogue the most. Compared to normal
weight individuals, the underweight were 43% less likely (OR 0.57) compared to eat
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meat analogue but just over 10% less likely for soymilk (OR 0.86) and traditional soy
(OR 0.87).
Alcohol
A significant inverse relationship was found between alcohol consumption and soy
consumption but stronger effect was observed among meat analogue consumers. Among
the current alcohol drinkers, they are half as likely to eat meat analogue (OR 0.54), 25%
less likely (OR 0.75) to drink soymilk but just under 10% less likely (OR 0.91) for
traditional soy.
Exercise
A clear linear association between consumption of soymilk and traditional soy and degree
of exercise intensity was observed: Compared to their sedentary counterpart, those who
are physically active are 28% to about 60% more likely to drink soy milk; and 40% to
about 70% more likely to eat tofu and soybean. The greatest effect of exercise level is
observed among the traditional soy eaters. Exercise is not as strong a determinant for
meat analogue consumption.
Education
Among the traditional soy consumers, no difference was observed between those who
have no high school education and those who completed high school. Nonetheless, soy
consumption increased among those with some college or higher education. The greatest
increase was seen among the most highly educated group: among those with a graduate
degree such as masters or doctorate or medical degree, traditional soy consumption rose
by 70% (OR 1.72).
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Vegetarian status
Vegetarian status appears to have strong and significant predictability for all three types
of soy food consumption. There was an inverse dose response relationship between meat
and soy consumption: the more meat consumed, the less soy food consumed. Compared
to the omnivores, the vegans are 10 times (OR 9.9, Cl: 8-99-10.90) more likely to eat
traditional soy, followed by lacto-ova vegetarians (OR 4.3, 0:4.05-4.46 ), pesco
vegetarians (OR 3.7, 0:3.51-4.01 ) and semi-vegetarians (OR 1.8, 0:1,70-1.95 ). The
same reverse pyramid relation is observed among the soy milk consumers, led by vegans
who are almost 7 times (OR 6.6, Cl: 6.03-7.34) more likely to drink a soy beverage.
The same trend however was not observed for meat analogue consumers. While
the likelihood of meat analogue consumption increased with degree of meat intake
avoidance —semi-vegetarian (2.5 X more), pesco-vegetarian (3X more) and lacto-ovo
vegetarian (4 X more), vegans bucked the trend by appearing to be less likely to consume
meat analogue than the omnivorous (OR: 0.85, Cl: 0.77-0,93).
Age of baptism
Baptism before adulthood (age 30) appears to significantly increase consumption for all
three types of soy food. The effect was particularly strong among the meat analogue
consumers. They are more than twice as likely to be baptized before the age of 12 (OR
2.41).
DISCUSSION
The top three determinants—in the order of strength, for each of the three soy food types
are:
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• Soy milk: vegan (OR:6.65, Cl: 6.03-7.34), lacto-Ovo vegetarian (OR:3.97, Cl: 3.84.14), Pesco Vegetarian (OR: 3.42, Cl: 3.21-3.64)
• Meat analogue: lacto-ovo vegetarian (OR:3.91-4.34), pesco Vegetarian (OR:3.26,
0:3.01-3.53), semi-vegetarian (OR: 2.47, Cl: 2.30-2.65)
• Traditional soy: vegan (OR:9.90, Cl: 8-99-10.90), Asian (OR:8.33, 0:7.34-9.44), and
lacto-ovo vegetarian (OR:4.25, 0:4.05-4.46).
Being vegetarian or degree of meat avoidance consistently is a strong determinant
for all three types of soy food consumption. However, ethnicity (being Asian) is a
strong predictor for traditional soy consumption
Summary
In this population with a soy consumption level that is much higher than the
general population in the United States (84.5% compare to 15 % who consume soy at
least once a week), several important observations may be made from our findings
1) Eating habits, to a large extent are influenced by culture and ethnicity. Our data
shows that ethnicity is the second strongest predictor for traditional soy consumption.
Asians show a strong preference over traditional soy, but tend to avoid meat analogue.
The Whites on other hand appear more likely to consume meat analogue than the other
two ethnic groups.
To account for family with mixed races, ethnicity of both parents was assessed
separately, i.e., when father is an Asian, when mother is an Asian, or when both mother
and subject are Asians. We examined the mother-subject combination with the notion
that as mother is typically the cook in the family she would influence dietary habit of the
subject more. However, our results showed that the proportion of soy consumers is higher
54

as long as one parent is of Asian ethnicity (see table 3). Specifically, the proportion of
traditional soy consumers was found to be consistently more than double when either
parent is Asian.
Incidences of ethnically motivated soy food choices are well supported in the
literature. The primary isoflavone source among Japanese American was tofu (25); in
contrast, the major dietary source of isoflavone in non-Asian population in America were
doughnuts and white bread—representing foods with added soy flour(37). In Europe,
soy dairy substitutes, beans and soy meat substitutes were the most frequently consumed
isoflavone containing foods (36, 38, 39). Soy foods are present in many forms; but there
is a lack of documentation regarding the types and sources of soy food by different ethnic
groups in a western population. The different bioactive constituents of isoflavone (e.g.,
daidzein, genistein and glycetein) are present in variable concentration in different soybased products (40) which may produce variable health effects (41, 42, 43). Traditional
soy foods such as tofu, miso, natto and tempeh have at least seven to 15 folds more
genistein than the common soy food sources of a western diet such as the soy meat
analogue Big Frank. Identification of soy food sources is perhaps a first step towards
helping us elucidate the variable health effects of soy consumption that may be observed
in different ethnic groups. This is the first study that document soy consumption in
different ethnic groups by three types of soy food. Future studies that examine the
nutrient composition of manufactured soy versus intact soy products, traditional versus
non traditional soy foods and their health implications are warranted.
2) Our study is the first study that shows that gender difference in soy
consumption is specific to the type of soy food: males are less likely than females to
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consume soymilk and meat analogue but not traditional soy. Previous research suggested
more women than men consumed soy but did not differentiate the type of soy food (36).
3) Soy consumption appears to be highly associated with education. Our data
shows all three types soy consumers to be better educated than non soy consumers.
Further, tofu eaters appear to be younger whereas soy milk drinker older. Our study
cohort is a highly educated group, with 40% of its population having a college or higher
education, compared to the national statistics of 28 %( 44). Our results indicated that
even after adjusting for potential confounders such as vegetarian status and ethnicity,
education continues to emerge as a fairly strong determinant of soy consumption. This
finding is consistent with previous research suggesting that soy consumption is more of
an informed and educated dietary choice in a Western population (21).
4) Soy consumption is associated with certain lifestyle characteristics: A report
from the European Prospective Investigation into Cancer and Nutrition revealed that the
soy consumers—a subgroup within the cohort led a more health conscious lifestyle (36).
Two studies conducted in the US found similar characteristics (24, 25). Our findings
supported the same observation: the soy consumers of this cohort appear to actively
pursue a healthier lifestyle: they exercise more, drink less alcohol, and are more likely to
avoid meat or be a vegetarian than their non consumer counterparts.
5) The relationship of soy consumption and weight varies with the type of soy
food. Normal or underweight tends to be associated with soy milk and traditional soy.
Being over weight or obese tends to be associated with meat analogue consumption.
Some research suggests soy consumers generally have lower BMI (45, 46) as soy food is
said to promote weight loss (47) though the research results are inconsistent (48). Current
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research is limited and at the same time does not distinguish types of soy food when
relating to BMI. Our study is the first study that delineates the association of BMI with
different types of soy food. Nonetheless, our data merely presents an association between
variables and does not suggest any causal relation; we do not know if certain soy food
causes or is a result of certain weight status.
6) Soy is a major dietary protein source for vegetarians. Our data indicates that
the degree of meat avoidance is proportionate to amount of soy food consumed. This
finding concurs with several recent studies which found that vegetarians were more
inclined to consume soy foods compared to non-vegetarians (45, 49).
The choices of soy food made by the vegans are informative: they show strong
preference for traditional soy and soymilk but are the only dietary group who avoids the
meat analogue. This pattern of consumption is not unexpected considering that vegans
are generally associated with healthy eating choice. Tofu and soy milk are considered to
be healthy, natural or low fat food items and are frequently perceived as helping in
weight loss (46, 47). On the other hand, meat analogue is not associated with natural food
products or weight control.
7) Unique to this population is the influence of religion on soy consumption. Our
data shows baptism at a younger age (before age 20) appears to be associated with
increased likelihood of soy consumption, especially meat analogue.
Baptism marks the official acceptance of one’s membership into a church. In the
Adventist church culture, it also signifies the beginning of church doctrinal influence in
which diet plays a huge role. The use of date of baptism is a reasonable surrogate of the
beginning of soy food consumption in this population. Meat analogue consumption is
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. much an Adventist phenomenon: the very first soy-based meat analogue was
manufactured by an Adventist organization and many of the meat analogues today are
produced by business owned by Adventists (50). Additionally, consuming meat analogue
is an acquired taste for many. If one is exposed to this kind of food at an early age, the
chances of consuming the food throughout life are presumably higher. This trend is
evidently observed in our findings.
Limitation
Our study faces some limitation. Meat analogue consumption is over-estimated in the
AHS-2 questionnaire whereas traditional soy is under-estimated. Due to the attention
given to meat analogue, there are 34 hard questions and 6 open-ended questions that
address the meat analogue consumption section. In contrast, there is just one question on
traditional soy which includes tofu and soybean. Such a design could yield bias or
imprecise measures of soy food intake (51).
The use of an English survey would exclude any ethnic or minority groups who
are not English speaking but who are important for our study particularly for the purpose
of determining the relationship between soy consumption and ethnicity or migration
history. The Asian minority which is an important group for comparison study may not
be adequately represented. The racial composition from the AHS-2 questionnaire may not
be a true reflection of the actual Adventist membership in North America.
CONCLUSION
In this population, certain soy consumer profiles appear to emerge: Being a traditional
soy consumer appears to be associated with healthy lifestyle characteristics, such as
lower BMI, greater amount of physical activity and avoidance of meat—very likely a
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strict total vegetarian. They also tend to be younger and more highly educated (with at
least a graduate college degree), and in terms of ethnicity, they are more likely to be an
Asian. The soy milk consumers share some characteristics with the traditional soy
consumers: they tend to be Asian, are thinner, avoid meat, exercise more and are more
likely to be older. The meat analogue consumers on the other hand tend to be a nonHispanic White, have higher BMI, not be a strict vegetarian, and have been in the church
for a long time as they are more likely to be baptized as a child. In the study of risk of
diseases such as breast cancer link with soy food consumption, we cannot rule out the
possibility that soy intake may be a marker of some lifestyle factors that is causally
related to breast cancer risk.
This was the first cohort study that provides a comprehensive assessment of
correlates of soy consumption according to three different soy food types. The soy
consumption typology could serve as reference for future studies on soy food
consumption in a western population. The lifestyle and demographic characteristics soy
consumer observed in this health oriented and low risk population may also provide a
glimpse of what a health conscious educated soy consumer may look like in the general
population in the US.
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Table 1: Characteristics of the Adventist Health Population Cohort (N = 62,635)
% of total population (N)
Characteristics
Demographics
Gender
(22364)
36.2
Male
Female
63.8
(39461)
Age
30 to 50 y
(21206)
33.9
(21755)
51 to 65 y
34.7
(19674)
66 y and older
31.4
Ethnicity (self)
(43483)
Non-Hispanic White
71.0
Black
(13856)
22.6
(2355)
3.8
Hispanic
(1554)
Asian3
2.5
Behavioral / Lifestyle
BMI
Under weightb
1.2
(759)
(24170)
39.2
Normal0
Overweightd
(21871)
35.5
(14861)
24.1
Obese6
Alcohol
Yes-Now
(4219)
6.8
(21358)
Yes-Past
34.3
(36682)
No
58.9
Exercise
24.2
(14711)
None
(14244)
23.4
Mild
(19998)
32.8
Moderate
(11956)
Vigorous
19.6
Vegetarian Status
(2456)
Vegan f
3.9
(22211)
35.3
Lacto-ovo g
Pesto-vegetarian h
(5505)
8.8
(5834)
Semi-vegetarian
9.3
(26629)
Non-vegetarian j
42.5
Education
(4245)
No High School
6.9
13.2
(8173)
High School diploma
TS/some college/AD k
(24661)
39.8
(13412)
Bachelors
21.7
(11448)
Graduate i
18.5
Income (self)
40.6
(23387)
20K or less
(23044)
40.0
21 to 50K
(6408)
11.1
51 to 75K
(4762)
76K and above
8.3
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Table 1 (Continued): Characteristics of the Adventist Health Population Cohort
(N = 62,635)
% of total population (N)
Characteristics
Behavioral / Lifestyle
Income (household)
(14698)
3 OK or less
31.8
(19489)
42.1
31 to 75K
(12070)
26.1
76 and above
Religion / Culture
Religion
(61158)
SDA
98.5
(907)
Others
1.5
Age of baptism
(21557)
Child (<12y)
35.6
(16190)
26.7
Teenager (13-19y)
(9961)
Young adult (20-29y)
16.5
(12820)
21.2
Adult (30y and older)
Birthplace (Self)
(1285)
2.1
Asia
(61055)
Other
97.9
Asian includes Chinese, Koreans, Japanese, Filipinos and Vietnamese
b Under weight =BMI <18.5 kg/m2
cNormal = BMI 18.5 -24.9 kg/m2
d Overweight ^BMI 25 to 29.9 kg/m2
e Obese = BMI> 30 kg/m2
f Vegan = Usual diet contains no animal products (red meat, poultry, fish, eggs, milk and
dairy products < 1 time/month)
8 Lacto-ovo = Usual diet contains dairy products and/or eggs > 1 time/month but no fish or
meat (red meat, poultry and fish < 1 time/month)
h Pesto-vegetarian = Usual diet contains fish > 1 time/month and dairy products and/or eggs
but no red meat or poultry (red meat + poultry < 1 time/month)
! Semi-vegetarian = Usual diet contains dairy products and/or eggs and (red meat + poultry >
1 time/month and < 1 time/week) and fish < 1 time/week
1 Non-vegetarian = Usual diet contains animal products (red meat, poultry, fish, eggs, milk
and dairy products > 1 time/week)
k TS/some college/AD = trade school diploma, some college, associate degree
1 Graduate = masters and doctoral degree
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Table 2. Proportion of Soy Consumers and Non-consumers According to Types of
Soy Food in the Adventist Health Study-2 Population (N = 62,635)

Type of soy food (number of people)

Percentages of total population
Consumersa
Non-consumers

Soy milk (N = 61825)

44.7%

55.3%

Meat analogue c (N = 62298)

74.6%

25.5%

Traditional soy d (N =61046)

33.3%

66.6%

Total soy food e (N = 62620)

84.5%

15.5%

■

a Consumers are defined as those who consume on a weekly (at least once/week) basis
b Non-consumers are defined as those who never or consume less than once a week
c Meat analogue refers to any commercial meat substitute that is made of soy textured protein
d Traditional soy refers to tofu and soybean
e Total soy food refers to the sum of the 3 soy foods: soy milk, meat analogue and traditional soy
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Table 3. Dietary Sources of Soy According to Ethnicity and Birthplace of the Adventist
Health Population Cohort (N = 62,635)
Proportion of different type of soy
consumers according to the
demographic category
SM"
MAC
TDSd
TSe
Categories
% of total
Demographics
%
%
%
%
population
(N = 61248)
76.5
33.5
86.1
71.0 (43483) 45.4
White
Ethnicity (self)
70.3
27.8
79.4
22.6 (13856) 41.3
Black
46.4
68.3
33.1 Wm 80.3
3.8 (2355)
Hispanic
11
52.4
68.9
74.8
92.3
Asiana
2.5 (1554)
53.0
68.8
73.6
92.2 ii
2.6 (1598)
Ethnicity (father)
Asian
97.4 (60172) 44.5
74.7
32.3
84.3
Others
52.8
69.2
74.3
92.1
2.5 (1560)
Ethnicity (mother) Asian
97.5 (60232) 44.5
74.7
32.3
84.3
Others
53.2
68.8
75.4
92.3
2.4 (1498)
Asian
Ethnicity
74.8
32.2
84.3
97.6 (59694) 44.5
Others
(mother & Self)
53.4
74.7
72.5
91.6
2.1 (1285)
Asia
Birthplace (self)
68.1
32.5
84.4
97.9 (61055) 44.5
Other
I
a Asian includes Chinese, Koreans, Japanese, Filipinos and Vietnamese
b SM=Soy milk refers to any beverages made of soy
c MA=Meat analogue refers to any commercial meat substitute that contains textured soy protein
d TDS=Traditional soy refers to tofu and soybean
e TS=Total soy food refers to the sum of the 3 soy foods: soy milk, meat analogue and traditional soy
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Table 4. Multiple Logistic Regression and Trend Analysis of Soy Determinants in the Adventist Health Population Cohort (N = 62,635)
Variables (reference group)
Category
Soy Milk

o

Gender (Female)
Male
Age (30-50y)
51-65yr
66y and above
Ethnicity (non-Hispanic White)
Black
Hispanic
Asian
BMld (Normal)
Under weight
Overweight
Obese
Alcohol (No)
Yes-past
Yes-Now
Exercise (No)
Mild
Moderate
Vigorous
Education (No high School)
High School
TS/some college/ Associate e
Bachelors degree
Graduate degree f
Vegetarian Status (Non-veg) g
Semi Veg k

N/Ac
0.88 (0.85-0.92)

Odd Ratio (95% Confidence level)1
♦ Trend Analysis b
Meat Analogue
Traditional Soy
N/Ac
N/Ac
0.94 (0.89-0.97) **
0.99(0.95-1.03)
♦*

1.12(1.08-1.17)
1.22(1.17-1.28)

0.96 (0.91-1.00)
0.95 (0.89-0.99)

0.88 (0.84-0.92)
0.80 (0.76-0.84)

N/Ac
1.21 (1.15-1.26) ***
1.37(1.25-1.50) * * *
1.65 (1.48-1.85)

N/Ac
0.91 (0.87-0.96)
0.78 (0.70-0.85) ***
0.80 (0.70-0.89)

N/Ac
0.98 (0.93-1.03)
1.18 (1.07-1.30)**
8.33 (7.34-9.44)

0.86 (0.73-1.00)
0.84 (0.80-0.87)
0.68 (0.65-0.72) * * +
N/Ac
1.13(1.08-1.17) ***
0.75 (0.69-0.81) * * *

0.57 (0.48-0.67)
1.28(1.22-1.34) ***
1.39(1.31-1.46)
N/Ac
0.96 (0.92-1.012)
0.54 (0.506-0.585)

0.87 (0.74-1.02)
0.85 (0.81-0.88)
0.82 (0.78-0.86)

1.28(1.22-1.34)
1.59(1.52-1.67)
1.57(1.49-1.65)

1.14(1.08-1.20)
1.21 (1.15-1.28)
1.10(1.04-1.16)**

1.39(1.31-1.47) =|! * *
1.60(1.52-1.68)
1.72 (1.63-1.83) * * *

1.05 (0.97-1.13)
1.16(1.08-1.25)
1.20(1.11-1.29) *
1.20(1.11-1.30)

1.09(1.00-1.18)*
1.19(1.10-1.27)
1.26(1.16-1.37)
1.28(1.18-1.40)

0.94 (0.86-1.03)
1.24(1.14-1.34) ***
1.43 (1.32-1.56)
1.72(1.58-1.87)

1.90(1.79-2.02) ***

2.47 (2.30-2.65)

1.81 (1.70-1.95)

♦*

N/Ac
1.04 (0.99-1.09)
0.91 (0.83-0.98)*

♦6

St!**

Table 4. (Continued) Multiple Logistic Regression and Trend Analysis of Soy Determinants in the Adventist Health Population Cohort (N = 62,635)
Variables (reference group)
Category

-j

Odd Ratio (95% Confidence level)3
♦ Trend Analysis b
Meat Analogue
Traditional Soy
3.26 (3.01-3.53)
3.75 (3.51-4.01)
4.12(3.91-4.34) * * *
4.25 (4.05-4.46)
0.85 (0.77-0.93)
9.90 (8.99-10.90) ***

Soy Milk
3.42 (3.21-3.64)
Pesco Veg j
3.97 (3.80-4.14)
Lacto-ovo i
6.65 (6.03-7.34)
Vegan h
Age of Baptism(Adult >30y)
1.16(1.09-1.22)
1.79(1.69-1.90)
1.17(1.09-1.24)
Young adult (20-30y)
1.09(1.03-1.15) **
1.99(1.88-2.10)
1.06 (1.00-1.13) *
Teenager (13-19y)
1.04 (0.99-1.10)
2.41 (2.27-2.53) *
1.01 (0.95-1.07)
Child (<12y)
3 Odd Ratio: Likelihood of consumption indicated by odds ratio, from logistic regression with significant at p value < 0.05*, p < 0.01**, p <0.001***
bTrend analysis with significant at p < 0.05 ♦
c N/A: not applicable; trend analysis was done only among ordinal variables
d BMI: under weight= <18.5kg/m2; normal =19-24.5 kg/m2,; overweight 25-29.5 kg/m2 ;obese = > 30 kg/m2
e TS/some college/AD = trade school diploma, some college, associate degree
f Graduate = masters and doctoral degree
8 Non-vegetarian = Usual diet contains animal products (red meat, poultry, fish, eggs, milk and dairy products > 1 time/week)
h Vegan = Usual diet contains no animal products (red meat, poultry, fish, eggs, milk and dairy products < 1 time/month)
i
Lacto-ovo = Usual diet contains dairy products and/or eggs > 1 time/month but no fish or meat (red meat, poultry and fish < 1 time/month)
j Pesco-vegetarian = Usual diet contains fish > 1 time/month and dairy products and/or eggs but no red meat or poultry (red meat + poultry < 1
time/month)
k Semi-vegetarian = Usual diet contains dairy products and/or eggs and (red meat + poultry > 1 time/month and < 1 time/week) and fish < 1
time/week

CHAPTER 5
OTHER FINDINGS: SOY CONSUMERS AMONG ASIAN ADVENTISTS IN
NORTH AMERICA

A. Rationale and Objectives
This chapter presents other findings from the studies that are not included in
Chapter 4. Our findings indicated that the Asian Adventists have the highest portion of
soy consumers within the AHS-2 cohort. We are therefore interested to find out more
about this subset of the Adventist community; specifically how the same set of
independent variables that we used to examine the entire AHS-2 cohort would perform in
this subpopulation. Due to the strong cultural aspect of soy consumption, we were
particularly interested to ascertain if length of residence in America or immigration status
exerted any influence on respondents’ soy food consumption habits.
B. The Asian Adventists
The Asian subgroup of the AHS-2 includes the following ethnic groups: Chinese,
Koreans, Japanese, Filipinos and Vietnamese. We excluded the Asian Indian even though
it appears under the Asian group in the questionnaire. The Asian Indians are not known to
be traditional soy consumers. The number of people under such a categorization is 1554.
Table 5 summarizes the racial composition of our study.
Table 5. Ethnicity Composition of the Adventist Health Study-2 Cohort
Ethnicity
White
Black
Hispanic
Asia

%

71.0
22.6
3.8
2.5

(N)
(43483)
(13856)
(2355)
(1554)
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Since we did not have information about our subjects’ length of residence in the US,
we use birthplace as an indicator of immigration status. When we ran a univariate
statistical analysis correlating birthplace of self and soy food consumption, we found that
among subjects who were born in Asia compared with those born outside of Asia, the
proportion of soy food consumers are consistently higher. The proportion of traditional
soy (tofu and soy bean) consumers was twice as high in Asians as other groups (72.5%
among those born in Asia vs. 32.5% among those bom not in Asia). This finding has
been reported in chapter 4. However, when we took account of the birthplaces of the
subjects’ parents, the results were different.
We now categorized Asians into three groups according to birthplace of self and
parents. We then defined three different types of Asian American. Table 6 provides
details of our categorization.
Table 6: Definition of the 3 Types of Asian Americans Based on Birthplace
Number of
Subjects
1127

Type of Asian American

Birthplace

1st generation Asia American

birthplace of at least 1 parent + self
are Asia

2nd generation Asia American

birthplace of one parent Asia in Asia
+ self not Asia

173

3rd generation Asia American

birthplace of 2 parents + self not Asia

226

The above categorization aimed to be used as a proxy for the degree of cultural
assimilation to the US. The first generation Asian American is presumably some one who
migrated with at least one of his/her parents to the US from Asia. The second generation
Asian American is someone who was born outside of Asia to a parent who was born in
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Asia, while the third generation Asian American is someone who was bom outside of
Asia to both parents who were also born outside of Asia. In terms of degree acculturation,
the third generation Asian Americans is assumed to be the most acculturated to the host
culture.
Based on this categorization, we ran univariate statistical analysis correlating the
selected independent variables with each of the four soy food types. The results are
summarized in table 7.
Table 7. Number of Consumers within Each Generation According to Type of Soy Food
Type of Soy Food

Soy milk
Meat analogue
Traditional soy
Total Soy

1st generation
% consumers
within the Asian
subgroup
53.7%
67.3%
74.8%
91.4%

2nd generation
% consumers
within the Asian
subgroup
55.8%
84.4%
77.3%
98.3%

3rd generation
% consumers
within the Asian
subgroup
42.6%
64.6%
72.3%
92.0%

The results indicated that the most frequently consumed soy food for the first
generation Asian American was traditional soy (74.8%), the second generation Asian
American meat analogue (84.4%), and the third generation Asian American traditional
soy (72.3%). Soy milk remained the least frequently consumed soy food for all Asian
Americans. However if we compare between groups, the second generation Asian
Americans are the highest soy consumers for all three soy food types. We had expected
the first generation Asian Americans to be the highest consumers given the cultural roots
of soy food. Our findings are inconsistent with both past research and our assumption.
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C. Logistic Regression Statistical Results
To investigate correlates of soy consumption in this Asian population while
controlling for all potential confounders of soy consumption, we proceeded to perform a
multiple binary logistic regression. We entered the same set of independent variables we
used for the total Adventist population into the regression model, namely gender, age,
BMI, alcohol, exercise, education, vegetarian status and age of baptism. Unique to this
population is the addition of a newly created variable called the migration status. The
result summary is presented in table 7. These independent variables were entered
simultaneously into the regression model.
Trend analysis was conducted on all ordinal variables, namely age, BMI, exercise,
education, vegetarian status, age of baptism. The significant trend findings were found
for the following variables: BMI for traditional soy, exercise for soymilk and traditional
soy, education for meat analogue and traditional soy, age of baptism for soymilk and
traditional soy, and lastly vegetarian status for all three soy food types (see table 7).
1. Migration Status
Our prime interest was to see how immigration status affects one’s soy
eating habits. After controlling for potential confounders, the effect observed was
inconsistent for all three types of soy food. For both soymilk and traditional soy
consumption, consumption level appears to decrease with the length of residence in
America, but the effect is only significant for soymilk consumers in the third generation
Asian Americans. For the meat analogue consumption, a unique pattern emerges:
compared to the first generation Asian Americans, the second generation Asian
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Americans appears to be twice as likely to eat meat analogue while the third generation
Asian Americans are about 20% less likely to eat the product.
Past research indicate several cultural aspect of soy consumption such as mother
tongue (Rice et ah, 2001) birth place (Wu et ah, 1996, Park et ah, 2005). Our finding
does not appear to concur with these findings: birthplace or immigration status does not
appear to exert any significant influence on soy consumption among Asians in our SDA
population. The influence if any was inconsistent and insignificant
2. Gender
Our findings did not indicate any significant difference between gender
and soy consumption.
3. Age
Age was not a significant determinant of soy consumption. Trend analysis
was also not significant between different age group.
4. Body Mass Index
A significant and strong inverse relation is noted between with traditional
soy consumption and BMI. The heavier or fatter one is, the less likelihood one is to
consume traditional soy—there was 33% and 51% less chance to consume tofu or
soybean among the overweight and obese Asians SDA respectively. Such an effect of
BMI on traditional soy eater in the Asian subgroup is stronger than it is in the total
population (15% and 18% less likelihood in the Adventist population). Overweight is
about 23% significantly less likely to consume soymilk (OR 0.77, Cl 0.60-0.98).
However, there is no significant effect of BMI on meat analogue consumption.
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5. Alcohol
There is no significant effect of alcohol intake on soymilk and meat
analogue consumption. However, chances of consuming traditional soy are significantly
reduced by 35% if the subject is either a past or current drinker (OR 0.65 and 0.94
respectively).
6. Exercise
Exercise is a significant correlates of soymilk (OR: 1.76) and traditional
soy consumption(OR:2.34).
7. Education
In this Asian SDA group education exerted no consistent effect on soy
consumption, except among the traditional soy consumers. Having a graduate degree
(master or doctoral degree) doubled the likelihood of consuming tofu and soybean (OR:
2.10; Cl: 1.09-4.03).
8. Vegetarian Status
Just as in the overall AHS-2 population, the Asian’s soy consumption
habits are influenced by their vegetarian status. However what is unique to this subset of
population is that being a pesco-vegetarian (eating fish more than once a month), and not
a vegan, emerges to be the strongest correlate among traditional soy consumers.
9. Age of Baptism
Baptism before adulthood (age 30) appears to significantly increase the
likelihood of consumption for all three types of soy food.
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D. Summary of Findings
Table 8 provides a summary of significant bi-variate findings. The three strongest
correlates—in the order of strength, for each of the three soy food types in the Asian
Adventist population are:
• Soy milk: vegan (OR: 2.71, Cl: 1.51-4.86), lacto-Ovo & Pesco Vegetarian (OR: 2.62
for both, Cl: 1.92-3.56; 1.91-3.60), moderate exercise (OR.T.76, Cl: 1.31-2.35)
• Meat analogue: lacto-ovo vegetarian (OR:3.20, Cl: 2.21-4.34), pesco Vegetarian (OR:
2.74, CI:1.91-3.93), age of baptism(OR: 2.49, Cl: 1.74-3.56)
• Traditional soy: pesto-vegetarian (OR: 3.15, Cl: 2.04-4.85), moderate exercise
(OR:2.34, Cl: 1.67-3.23), graduate degree education (OR: 2.10, Cl: 1.09 -4.46) and
baptism between age 20-30 (OR: 2.10, Cl: 1.34-3.29).
It appears that for the Asian AHS-2 participants, vegetarian status, age of baptism
exercise, moderate exercise and having a graduate degree are strong correlates of soy
consumption. Table 8 below provides a summary of the top determinants of soy
consumption of the total Adventist population as compared to the Asian Adventist
subgroup.
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Table 8. The Top Determinants of Soy Consumption of Adventist Population versus
Asian Adventists as Measured by Odds Ratio (OR)
Soy Food
Soymilk
1.
2.
3.
4.

Adventists
Determinants
Vegan
Lacto-ovo-veg
Pesco-veg

Meat Analogue
1.
Lacto-ovo-veg
2.
Pesco-veg
3.
Semi-veg
4.
Age of baptism (<12y)
Traditional Soy
Vegan
1.
2.
Asian
3.
Lacto-ovo veg
4.
Pesco-veg
5.
Education-Graduate degree
*A11 OR is significant at p value < 0.05

Asian Adventists
Determinants

OR*

Vegan
Lacto-ovo veg
Pesco-veg
Exercise-Moderate

2.71
2.62
2.62
1.76
3.20
2.74

2.41

Lacto-ovo-veg
Pesco-veg
Age of baptism(<12y)
Age of baptism(13-19y)

9.90
8.33
4.25
3.75
1.72

Pesco-veg
Exercise-moderate
Age of baptism(20-30y)
Education-Graduate degree
Exercise-vigorous

OR*
6.65
3.97
3.42

4.12
3.26
2.47

2.49
2.03

3.15
2.32

2.10
2.10
2.07

E. Discussion
When we used only the birthplace of our Asian participants and correlate it to soy
food consumption, we saw that it was significantly correlated, and that among those who
were bom in Asia the number of traditional soy consumers were more than double
compared to those born not in Asia. However, when we further investigated the effects of
birthplace of subject and parents, we did not see the same pattern. Furthermore, when we
controlled for the potential confounders and ran the logistic regression analysis, we noted
that immigration status (whether one is of first vs. second vs. third generation immigrant)
exerted no consistent pattern of influence on soy food consumption. A strong and
significant effect of immigration is only noted among the second generation Asian
Adventists who consume meat analogue (OR 2.43, Cl 1.54-3.84). It is also in this type of
79

soy consumer that we observe a strong association of age of baptism. In our previous
analysis, we saw that Asians generally did not like to consume meat analogue compared
to the Whites (Asians OR 0.80 compared to the Whites). However, within the Asian
subgroup, being a second generation immigrant (OR: 2.43) and being baptized into the
church as a child before age 12 (OR: 2.49) equally correlated with meat analogue
consumption.
Meat analogue as discussed in chapter 4 is a unique Adventist food product.
Baptism is an indicator of the beginning of one’s religious influence on his/her dietary
habits in the Adventist church. This together with parental cultural influence (one parent
being born of Asia and presumably came from Asia), result in meat analogue
consumption to increase. It is conceivable that both the cultural (parent was born in Asia)
and religion (baptism) factors exert a converging influence on this ethnic group. It is
worth noting that age of baptism is a consistent and strong predictor across all
subcategories of age and for all three types of soy food consumption in the Asian
population, an effect not observed even in the general Adventist population (see table 8 &
9).
Note worthy is also the relationship between pesco-vegetarian and traditional soy
consumption. Among the Asian Adventists, the tofu and soybean eater is also very likely
to be some one who abstains from meat but eats fish regularly (more than once/month).
In our study we found most of the traditional soy consumers are Asians. Traditionally we
also know that an Asian diet compared to a western diet consist of less meat, more fish
and more vegetables. It appears that those who stick to a more traditional Asian diet
(eating fish regularly regardless of church advice) would also stick to traditional soy
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food, namely tofu (as opposed to meat analogue). The fact that being a pesco-vegetarian
emerges to be the strongest correlate for traditional soy consumption is culturally unique
to the Asian Adventist.
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Table 9. Multiple Binary Logistic Regression and Trend Analysis of Soy Determinants of Asian Subgroup in the
Adventist Health Population Cohort (N =1554)

oo

to

Variables (reference group).
Category
Gender (Female)
Male
Age (30-50y)
51-65yr
66y and above
Migration status (lst )d
2nd Generation
3 rd Generation
BMIe (Normal)
Under weight
Overweight
Obese
Alcohol (No)
Yes-past
Yes-Now
Exercise (No)
Mild
Moderate
Vigorous
Education (No high School)
High School
TS/some college/ Associate f
Bachelors degree
Graduate degree g
Vegetarian Status (Non-veg)h
Vegan
Lacto-ovoj
Pesto Vegk
Semi Veg i
i

Soy Milk
N/Ac
0.88(0.70-1.12)
1.22 (0.96-1.56)
1.17(0.87-1.59)

Odd Ratio (95% Confidence level)3
Trend Analysis ♦ b
Meat Analogue
Traditional Soy
N/A
0.85 (0.66-1.10)
0.83 (0.63-1.09)
1.19(0.89-1.58)
1.19(0.83-1.69)

0.85 (0.66-1.11)
1.01 (0.73-1.40)
N/Ac

N/A

N/A

0.97 (0.68-1.39)
0.53 (0.39-0.73)

2.43 (1.54-3.84)
0.78 (0.56-1.08)

1.10(0.72-1.69)
0.85 (0.59-1.21)

1.03 (0.55-1.91)
0.77 (0.60-0.98) *
1.11 (0.68-1.81)

0.65 (0.34-1.22)
0.99 (0.76-1.28)
1.42 (0.82-2.43)

1.34 (0.59-2.99)
0.67 (0.51-0.88)**
0.49 (0.29-0.82) **
N/A

N/Ac

N/A

N/A

0.81 (0.60-1.10)
0.79 (0.47-1.34)

1.36(0.97-1.89)
1.54 90.87-2.68)

0.65* (0.47-0.92)
0.64 (0.37-1.11)

1.47(1.08-2.01)*
1.76(1.31-2.35)
1.52(1.09-2.13)*

1.16(0.84-1.62)
1.12 (0.82-1.53)
1.20 (0.84-1.71)

1.58(1.12-2.21)**
2.32(1.67-3.23)
2.07(1.41-3.03)

0.52 (0.22-1.21)
1.14(0.65-2.00)
0.98 (0.57-1.69)
1.23 (0.70-2.15)

0.50(0.22-1.16)
0.71 (0.39-1.28)
1.05 (0.59-1.86)
1.04 (0.57-1.89)

0.68
0.75
0.97
2.10*

0.81 (0.47-1.42)
3.20 (2.21-4.64)
2.74(1.91-3.93)
2.14(1.35-3.41)

1.80 (0.87-3.71)
1.95 (1.33-2.85) * * *
3.15 (2.04-4.85)
1.45 (0.90-2.33)

♦6

(0.27-1.67)
(0.40-1.39)
(0.52-1.78)
(1.09-4.03)

♦6

2.71 (1.51-4.86)
2.62(1.92-3.56) * * *
2.62(1.91-3.60) ***
1.13 (0.75-1.68)

Table 9. (Continued) Multiple Binary Logistic Regression and Trend Analysis of Soy Determinants of Asian Subgroup
in the Adventist Health Population Cohort (N =1554)
Variables (reference group)

oo

Odd Ratio (95% Confidence level)1
Trend Analysis ♦ b
Meat Analogue
Traditional Soy

Soy Milk
Category
Age of Baptism(Adult >30y)
1.43 (1.00-2.02) *
2.49(1.74-3.56)
Child (<12y)
1.63 (1.12-2.37) *
1.65 (1.17-2.31) **
Teenager (13-19y)
2.03 (1.45-2.85)
1.84(1.28-2.65)
1.62 (1.09-2.42) *
Young adult (20-3Oy)
1.64(1.09-2.45)
2.10(1.34-3.29)
a Odd Ratio: Likelihood of consumption indicated by odds ratio, from logistic regression with significant at p value < 0.05*, p < 0.01**, p <
0.001***
b Trend analysis with significant at p < 0.05 ♦
c N/A: not applicable; trend analysis was done only among ordinal variables
d Migrantion status:
1st generation = birthplace of at least 1 parent + self are Asia
2nd generation = birthplace of one parent Asia in Asia + self not Asia
3rd generation = birthplace of 2 parents + self not Asia
e BMI: Under weight = <18.5 kg/m2
Normal = 18.5 -24.9 kg/m2
Overweight =BMI 25 to 29.9 kg/m2
Obese = BMI> 30 kg/m2
f TS/some college/AD = trade school diploma, some college, associate degree
8 Graduate = masters and doctoral degree
h Non-vegetarian = Usual diet contains animal products (red meat, poultry, fish, eggs, milk and dairy products > 1 time/week)
Vegan = Usual diet contains no animal products (red meat, poultry, fish, eggs, milk and dairy products < 1 time/month)
j Lacto-ovo = Usual diet contains dairy products and/or eggs > 1 time/month but no fish or meat (red meat, poultry and fish < 1 time/month)
k Pesco-vegetarian = Usual diet contains fish > 1 time/month and dairy products and/or eggs but no red meat or poultry (red meat + poultry < 1
time/month)
Semi-vegetarian = Usual diet contains dairy products and/or eggs and (red meat + poultry > 1 time/month and < 1 time/week) and fish < 1
time/weekJ

CHAPTER 6
CONCLUSIONS AND RECOMMENDATIONS

A. Summary of Findings
This is the first cohort study carried out in the West that provides a
comprehensive description of four types of soy food according to a number of factors
associated with their consumption.
In this population of 62635 individuals, certain soy consumer’s profiles appear to
emerge: The traditional soy consumers appear to be associated with healthy lifestyle
characteristics, such as lower BMI, greater amount of physical activity and avoidance of
meat—very likely a strict total vegetarian. They also tend to be younger and more highly
educated (with at least a graduate college degree), and in terms of ethnicity, they are
more likely to be an Asian. The soy milk consumers share some characteristics with the
traditional soy consumers: they tend to be Asian, thinner, avoid meat, exercise more and
be older. The meat analogue consumers on the other hand tend to be a non-Hispanic
White, have higher BMI, not be a strict vegetarian, and have been in the church for a long
time as they are more likely to be baptized as a child.
B. Limitations
One major reporting bias must be noted due to the way the FFQ was designed.
Meat analogue consumption is over-represented in the AHS-2 questionnaire whereas
traditional soy is under-represented. There are 34 questions and 6 open-ended questions
that address the meat analogue consumption section. In contrast, there is just one question
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on traditional soy which includes tofu and soybean. Such a design could yield bias or
imprecise measures of soy food intake (Kristal et ah, 2000). Noted is also the fact that
meat analogue includes products that are soy-based and non-soy based. At the point of
this study, such a distinction has not been made in the data bank of AHS-2, though
according to the AHS-2 research team, the number of non-soy meat analogue products is
minimal. In this study, we used meat analogue (soy-based and non-based) collectively.
Additionally, the lengthy and detailed FFQ may dissuade some Adventists from
participation. Clearly, the participants in this study are not randomized but motivated
self-selected volunteers. It is a convenient sample group.
This is a cross-sectional study and by design, it does not provide causal link to
any of the variables studied. Results are at best suggestive of associations among
variables but not cause-effect.
One difficulty encountered in analyzing data from research on soy comes from
non-standardized assessment of the dietary exposure, as discussed in chapter two. The
traditional soy food consumption is too low to assess isoflavones in some population;
instead other classes of phtyoestrogen are used. For instance, total phytoestrogen intake
and/or flavonoids, lignans, quercetin are used in the Canadian study (Thanos et al, 2006),
the Mexican study (Torres-Sanchez et al, 2000) and the German study (Linseisen et al,
2004). Since the Adventists in America are found to consume soy at the level compatible
to that of Asians it is reasonable to evaluate isoflavone intake. Unfortunately, information
about the isoflavone constituents in soy foods consumed by the Adventist cohort is not
yet available. Due to this limitation, a consumer driven assessment of type of soy food
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eaten was used for the exposure variable, instead of the chemical constituents of soy
which is isoflavones or the different constituents of isoflavones. This presents a limitation
as it theoretically ignores the different bioactive ingredients in soy protein which
potentially can influence different health outcome. Nevertheless this study is not intended
to examine the relationship between health outcome or disease incidence and soy
consumption; it is a descriptive study about types of soy consumption.
A few threats to external validity exist. First, the survey was only available in
English language, and may well have excluded ethnic minorities who do not read or
speak English. This may well have excluded persons who are important to our study of
the association between soy consumption and ethnicity or migration history. Thus, the
Asian subgroup may not be adequately represented. The purpose of AHS-2 was not to
sample Asians, but to study the non-Hispanic Whites and Blacks. In fact we have Asians
because they happen to be members of a church which AHS-2 selected. Thus technically,
Asians represent a convenient sample for this study. Given the recruitment strategy of the
AHS-2 in Black or White churches, the racial composition from the AHS-2 questionnaire
is likely not a true reflection of the actual Adventist membership in North America.
Second, the study was designed to study the Adventist population, and thus the
generalizability of the study to the general population in the USA is limited.
C. Recommendation for Future Research
The Adventist population in North America is a unique population where the
influence of religion on dietary practice of its members is strong. On the other hand, soy
food consumption has a strong cultural overtone, and its consumption in this religious
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and health conscious population need to be explored further. We do not know how
cultural interacts with religious effect in predicting soy food eating habits. Further study
of the dual influence of acculturation and religion on the consumption of an ethnic food
such as soy is certainly warranted.
In our analysis we did not identify the different ethnic groups that make up the
Asian subpopulation. Some past research indicated that within the Asian American
community, the Chinese consumed more soy food than the Japanese and Filipinos (Wu
2004). Additional analysis may be carried out to document soy food consumption pattern
according to various Asian subgroups.
In addition, studies that examine the nutrient composition of manufactured soy
versus intact soy products, traditional versus non-traditional soy foods and their health
implications are warranted.
D. Significance of the Proposed Study
1. To Preventive Care
The role of a preventive care clinician is to seek to understand the lifestyle
related factors pertaining to various chronic diseases. Findings from this study would
provide preventive care clinician knowledge of who the soy consumers are. Knowledge
of determinants or patterns of soy consumption would in turn provide better insight in
planning or executing intervention programs that are relevant and thus effective for this
and other populations who might benefit from a diet rich in soy. For instance, if soy
consumption is significantly associated with education, then the content of any
intervention such as the dietary advice, program delivery, or printed materials that are
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given would have to be pecked at a level appropriate to the education of the patient or
client.
2. To Adventist Health Study 2
A detailed descriptive study of Adventist soy consumers is currently not
available. Profiling the soy consumers at baseline according to various social
demographic, lifestyle or dietary factors would help us identify potential confounders,
and in the process help investigators at AHS-2 better understand and analyze the
relationship of soy consumption with disease incidence at a later point. Several
significant potential lifestyle-related confounders identified in our findings were
vegetarian status, age of baptism, education and exercise status. For instance, our
findings indicate that soy consumption especially meat analogue is strongly associated
with age of baptism in the entire AHS-2 population. The early age of baptism (before age
12) probably marks a lifestyle with substantial heavy religious influence. If AHS-2 study
in the near future indeed found that the Adventist soy consumers had lower risk of certain
cancer compared to the general population in the US, then a valid question to investigate
would be whether the protective benefits were due to the high soy consumption, or the
Adventist religious lifestyle.
Past research has provided evidence suggesting that soy consumption is protective
of several hormone-related cancer such as breast and prostate cancer in the Asian
population. Our findings indicate that pesco vegetarian and not total vegetarian is
strongly associated with soy consumption in the Asian subgroup. If indeed the Asian
Adventists were found to have lower incidence of those cancers compared to the other
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groups, we would want to ascertain which aspect of the traditional Asian diet—whether it
was more fish, more tofu and less meat analogue, or something else which contributes to
the protective benefits. Asian Soy consumption pattern is also highly associated with
education and exercise. These are lifestyle factors that could potentially modulate the
effect of risk of some diseases. In the study of disease incidence for example breast
cancer link with soy food consumption, we cannot rule out the possibility that soy intake
may be a marker of some lifestyle factors that is causally related to breast cancer risk.
Descriptive information among soy consumers in a low risk population such as the
Adventists will help generate hypothesis about soy foods and certain disease outcomes.
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APPENDIX B: MACRO AND MICRONUTRIENTS OF SOME COMMON SOY FOODS
~d

«

Macronutrients in gram
Pro

Fat

Micronutrients in milligram
Fiber

CHO

Fe

■

812

0.28

2.95

1.55

1.05

0

305

0

0.17

0.10

1.43

0.06

0.10

0

0

9

1.70

0.15

0.28

0.39

0.17

0.23

0

54

0.42

0

0

0.09

0.23

0.90

0.33

0.19

0.08

19

3.03

0.66

0

13

0.16

0.19

0

0.21

0.13

0

8

401

1.57

0.54

0

0

0.05

0.35

2.13

0.45

0.19

0.14

21

90

194

0.61

0.20

0

0

0.10

0.04

0.24

0

0.01

0

0

30

97

121

0.80

85

o.i

0.08

0.05

0.19

0.05

0

15

Cu

A,
IU

C

81

375

45.51

8.90

34.93

16.0

285

8.20

285

675

2090

4.10

1.60

40

0

338

80.69

3.39

7.36

5.60

178

14.5

39

776

81

4.03

1.60

0

173

16.64

8.97

9.93

6.00

102

5.14

86

245

515

1.15

0.40

199

11.69

6.01

26.47

5.40

57

2.49

48

159

210

2.56

Natto
(soybean, boiled
and fermented)
Tempeh, cooked

212

17.72

11.00

14.36

5.40

217

8.60

11.5

174

729

196

18.19

11.38

9.35

0.00

96

2.13

77

253

Tofu, MORINU, silken, firm
Tofu, raw,
regular, prepared
with calcium
sulfate
Soy bean curd
cheese
Soy milk*

62

6.90

2.70

2.40

0.10

32

1.03

27

76

8.08

4.78

1.88

0.30

350

5.36

ill

___

86

sp

1.08

Zinc

Soy flour
(defatted)
Soy protein
isolate
Soybeans,
mature cooked,
boiled, without
salt
Miso

.

;

K

mm

84

V-

83

P

Energy
kcal

82

--x

m

Mg

Food per 100
mg

Ca

•

Folat

.*
meg

151

12.50

8.10

6.90

0

188

5.60

228

222

199

1.72

0.38

42

o

0

0.14

0.50

0.11

0.07

0

22

189

2.94

1.99

3.45

0.40

140

0.49

0

0

141

0.24

0.12

393

7.20

0.06

0.19

3.29

0

0.23

1.08

32

III
Food per 100

mg

to

Vegan Burger
WORTHINGTO
N FOODS,
Loma Linda, 1
patty, ~ 85g
Spicy black bean
Burger,
WORTHINGTO
N FOODS,
Loma Linda,
1 patty ~78g
Big Franks,
WORTHINGTO
N FOODS,
Loma Linda,
canned (1 link ~
51g)

Macronutrients in gram
Energy
kcal

Pro

m

Fat

CHO
r

iigs

Micronutrients in milligram
Fiber

Ca

Fe

Mg

P

K

Zinc

li

_

Cu

A,
IU

C

B1

B2

B3

'll'.'a

B4

B6

B12

laws

T

Folat
meg

120

16.90

2.15

9.06

5.9

26

2.37

0

0

297

0.44

0

0

0

0

0

0

0

■o

150

12.23

4.61

14.79

3.4

44

3.37

0

162

314

0.81

0

0

0

7.35

0.29

0

0

0

0

0

118

12.12

7.08

1.51

1.50

10

0.99

0

85

61

1.20

0

0

0

0.28

0.67

5.78

1.61

0.67

2.94

0

* product may also have omega 3 fatty acids, vitamin C, vitamin B6, folate and vitamin E added. Check label.
USD A National nutrient database for standard reference, release 20 (2007).
http://www.nal.usda.gov/fnic/foodcomp/
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APPENDIX C: ISOFLAVONES CONTENT OF SOME COMMON SOY FOODS
Food (per lOOg)

Daidzein(mg)

Genistein(mg)

Glycitein(mg)
IT

"T

Soy flour (textured)
Soy flour (defatted)
Soy protein isolate
Natto
(soybean, boiled and
fermented)
Soybean butter
Soybeans, mature
cooked, boiled,
without salt
Tempeh, cooked

Miso
Tofu, MORI-NU,
silken, firm
Tofu, raw, regular,
prepared with calcium
sulfate
Tofu, Yogurt
Soy milk
GREEN GIANT,
HARVEST BURGER,
Original flavor, all
vegetable protein
patties, frozen,
prepared
Soy cheese,
mozzarella
Soy cheese, cheddar
Soy links, frozen,
cooked, MORNING
STAR, breakfast
Big Franks,
WORTHINGTON
FOODS, Loma Linda,
canned

Total
Isoflavone(mg)
148.61
131.19
97.43
58.95

59.62
57.47
33.59
21.85

78.90
71.21
59.62
29.04

20.19
7.55
9.47
8.17

22.00

30.00

5.00

26.95

27.71

57.00
54.66

19.25
16.13

31.55
24.56

2.20

53.00

11.13

15.58

2.87
2.40

42.55
27.91

9.02

13.60

1.98

23.61

5.70
4.45
2.58

9.40
6.06
4.68

1.20
0.56
0.95

16.30
9.65
8.22

1.10

3.60

3.00

7.70

1.80
0.75

2.25

3.10

2.70

0.30

7.15
3.75

1.00

2.05

0.30

3.35

Source: USDA, Release 1.4, April 2007
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APPENDIX D: SOURCES AND DAILY MEAN INTAKES OF SOY OF
DIFFERENT POPULATION GROUPS
I) Non-Asians in America & Europe
Authors /
Study Design

Country &
Population/ Subjects
i

is

:'<V

•SS

st x

North America
deKleijin et al 01
Cross section
Part of the
Framingham
Study
Hom-Ross et al,
02
Prospective
California
Teachers Study

USA

Mean
Isoflavones/
day
(or otherwise
indicated)
_____
760 pg

Caucasian
N = 964

Main soy food
sources

■

Association w
BC risk

iMiHl
______
beans, peas, coffee,
N/A
tea and nuts (all of
these contribute to «
60% of total
isofalvones)

.TV.

Postmenopausal
Age: not reported
USA, California

1778 pg

Not reported

No
Association

1.6 mg

Donuts (contributed
20% of all genistein;
15% of daidzien),
tofu, soy milk, white
bread, coffee and
orange juice

No
Association

Not reported
in mg (in
quartile
scores)

Only < 5% of
subjects consumed
soy foods

Protective

96% Non-Asians (White,
African American and
Latina), and 4% Asians
N = 111,526
Pre-post menopausal 21103 y

Hom-Ross et al,
00, 01

USA, San Fransciso Bay
Area

Case control

Non-Asian women
(White, African
American and Latina)
Case = 1326,
Control = 1659
Pre-post menopausal 3579y

Thanos et al 06

Canada

Case-control

92% non-Asians (White,
African American and
aboriginals)
7% Asians

Common isoflavones
sources:
legumes (e.g, white
beans), raisins, green
beans

Case=3024,
control=3420
Pre-post menopausal 2574y
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Authors /
Study Design

South America
Torres-Sanchez
et al, 00
Case control

Europe
Grace et al, 04
Nestled case
control
EPIC-Norfolk
study
Keinan-Baker et
al 2002

Country &
Population/ Subjects

Mean
Isoflavones/
day
(or otherwise
indicated)

Touillaud et al,
06

Association w
BC risk

SSlil

Main sources of
phytoestrogen: onion,
lettuce, spinach,
apple, tea

Protective

Pre-post menopausal
21-79 y

Not reported;
Isoflavones
intake too
low, other
phytoestrogen
s were
measured

UK, Caucasian

437 pg

Beans, dairy, grains
(all of these
contribute to 61 % of
total isofalvones)

Positive:
increased risk

<2.0mg

■ UK, France:
Dairy substitutes
■ Netherlands,
Germany, Spain:
Beans, sprouts
■ Denmark: Soy
meat substitutes
■ Italy: Grain

Mexico
Case = 198
Control =198

N= 333
Pre-post menopausal
41-76y

Europe
N= 35,955

Cross section,
past of the
EPIC study

Main soy food
sources

Men and women
35-74 y

Not reported

< 120 pg

Not reported

No
Association

German

284 pg

protective

Case=278
Control=666

Other
phytoestrogen
s were
measured in
addition to
isoflavones

Main daidzein &
genistein sources
(contributing > 5%):
soy sprouts, legumes,
soy products, sauces,
coffee

France
N=74,524

Prospective
Pre menopausal women
(mean: 47 y)
Linseisen et al,
2004
Case-control

Pre menopausal
24-52 y

115

Kim et al, 2006

II) Asians in United States
Main soy food
Country/
Mean
sources
Population/ Subjects
Isoflavones /
day
(or otherwise
indicated)
Not reported
20.24mg
USA

Cross -sectional
study

Korean
N = 84

Authors/
Study Design
$

■'

Association w
BC risk

IS
N/A

pre-post menopausal
28-40y
Park et al, 2005

USA

Cross -sectional
study

Korean
N =492
pre-post menopausal
45-75y
a) Korea-born
b) US-born

Rice et al, 2001

(Mean Soy
products
/day)

b) Japanese speakers
only
N = 274

N/A

Tofu (consumed by
100% of subjects)
Miso (90% of
subjects)
Soy nuts and soy
milk (10% of
subjects)

Protective

Tofu, miso and natto

Protective

a) 3.1 g
b) 7.4 g

USA
Japanese:
a) English & Japanese
speaker

Not reported

a) 10.2mg

b) 23.1mg

Post menopausal
65-93y
Wu et al 96

USA: SF, LA, Hawaii

Case-control

Asian Americans
(Chinese, Japanese,
Filipino)

Not reported
in mg, but in
frequency/yea
r

Cases = 597
Control = 966
Pre-post menopausal
22-55 y
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.

Authors/
Study Design

iJ
**Wu et al, 02
Case-control

Mean
Isoflavones /
■S|
day
(or otherwise
___________ indicated)
(Median
USA: LA
intake/day)
12 mg
Asian Americans
(Chinese, Japanese,
Filipino)
Country/
Population/ Subjects

Main soy food
sources W:fi:

Association w
BC risk

Tofii

protective

Tofu (for all Asians)
Miso soup, natto (for
Japanese Americans)

protective

Not reported

protective
* soy isofalvones
was not
associated with
serum levels of
tamoxifen

Case = 501
Control = 594
Pre-post menopausal
25-74y
**Wu et al 04
A subset of the
above Casecontrol study

USA: LA
Asian Americans
(Chinese, Japanese,
Filipino)
Case = 97
Control = 97

Chinese :
26.8mg
Japanese:
18.4mg
Filipino :
9.3mg

Pre-post menopausal
25-74 y
**Wu et al 07

USA: LA

Cross sectional
study
Part of the above
Wu et al 2002
case control study

Asian Americans
(Chinese, Japanese,
Filipino)

(Median
intake/day)
12 mg

N = 380 breast cancer
patients
Pre-post menopausal
25-74y

117

Jakes et al, 2002

Ill) Asians in Asia
Main Soy Food
Mean
Sources
Isoflavones
(or otherwise
Subjects
indicated)
Not reported
Singapore
(Not
assessed,
instead total
Chinese
Case = 200
soy products
Control = 420
and soy
protein was
measured)
pre-post menopausal
22-85 y
Median total
soy products:
28.5 g (case),
45.6 g
(control).
Tofu, and other
Reported in
Singapore
mg/1000 kcal traditional Chinese
soy products:
Chinese
Taupok (dried
N= 144
pressed tofu), taukwa
(bean curd cake),
Post-menopausal
foodpei, foojook,
45-74y
tofu-far
Not reported
13.7 mg/day
Singapore

Cross sectional
study

Chinese
N= 406

Authors/
Study Design

Lee & Gourley,
1991
Case-control
Study

Wu, Stanczyk et
al 02
Cross sectional
study

Part of two
independent large
cohort studies
Ursin et al, 2006

I

| Country/
Population/

■

Protective

Protective
(association with
serum estrogen
levels)

Protective
(association with
mammographic
parenchymal
patterns)

Pre-post menopausal 4574y

Singapore

Cross sectional
study

Chinese
N= 380

Part of two
independent large
cohort studies

Pre-post menopausal
45-74y

Shu et al, 2001

China

Nestled Case
control study

Chinese
Case=T459
Control=1556

(Shanghai Breast
Cancer Study)

Association w
BC risk

24 mg/d
(mean from 4
quartile
intakes)

Tofu, and other
traditional Chinese
soy products:
Taupok (dried
pressed tofu), taukwa
(bean curd cake),
foodpei, foojook,
tofu-far

Protective
(association with
mammographic
density)

(Median soy
protein/d):
10.3 g

Tofu, soymilk, other
traditional Chinese
soy products: dried
pressed tofu, bean
curd cake, soy
noodle, fried tofu

protective

pre-post menopausal
24-64y
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Authors/
Study
Design
r

Country/
Population/
Subjects

Chen et al, 1999

China

Nestled case
control study

Chinese

Mean
Isoflavones
(or otherwise
indicated)
39.26 mg
(from 60
control)

Case = 60
Control = 60

(Median soy
products/d):

(Shanghai Breast
Cancer Study)

Sanderson et al,
2004

(Shanghai Breast
Cancer Study)
Zheng et al 2005
Prospective study

Association w
BC risk

m

li

Tofu, soymilk, other
traditional Chinese
soy products: dried
pressed tofu, bean
curd cake, soy
noodle, fried tofu

protective

Tofu, soymilk, fresh
soybeans, dried
soybeans, soybean
sprouts, and other soy
products

Protective
(Negatively
modulated effect
of insulin-growth
factor-I on pre
menopausal BC
risk)

(Mean soy
products/d):
142.3 g

Not reported

Protective

215.7

N/A
Tofu, natto, miso
(contributed 87.2% of
total isoflavone
intake/day)
No association
Tofu, boiled beans,
miso soup

100.6 g

pre-post menopausal
37-61y
China

(Mean soy
protein/day)

Chinese
Nestled case
control study

Main Soy Food
Sources

12.0 g
Case = 1459
Control =1556
pre-post menopausal
25-64y
China
Chinese
N=74,942

(Part of Shanghai
Women’s health
Study)
Otaki et al., 2009

pre-post menopausal
40-70y
Japan

Cross sectional
study
Nishio et al, 07

Middle-age Japanese
women (N =516)
Japan

Japan
Collaborative
Cohort study

Japanese
N = 30,454

pmol/day

Prospective Study
Nagata et al, 2005

pre-post menopausal
40-79y
Japan

Cross sectional
study

Japanese
N = 601
pre-post menopausal

Not reported

Pre
menopausal
42.2mg/day
Post
menopausal
57.3mg/day

mean age:
42.6y(premenopausal)
5 7.8y(post-menopasual)
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Not reported

-Soy isoflavones
not associated w
BC risk in either
group.
-No dietary
factors in pre
menopausal, but
total fat,
saturated fat,
protein were
associated w %
breast density in
postmenopausal

Country/
Population/
Subjects

Authors/
Study Design

Yamamoto et al,
2003
Prospective Study

Japan
Japanese
N=21,852
pre-post menopausal
40-59y

Chan et al., 2007

Hong Kong

Cross sectional
study

Middle age Chinese
women
N =141

Mean
Isoflavones
(or otherwise
indicated)
6.9 mg to
25.3 mg/day
(74.8%
consumed
miso soup
daily)

7.8 mg to
10.7mg.day
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Main Soy Food
Sources

Association w
BC risk

■

MM

Miso, soyfoods
(soybeans, tofu,
deep-fired tofu, and
natto)

Soft tofu, bean curd
skin, soybean milk

Miso: protective
Soyfoods: no
association

APPENDIX E: SOY CORRELATES AS STUDIED IN PAST RESEARCH
.

Soy Correlates

a) Demographic factors
Age

1.:’.

Authors (mean values or
range of values)

Remarks
fi

Shu, Thanos
Linsesein
Nagata
Nishio
Yamamoto
Sanderson
Jakes
Wu &Wan 02
Wu & Stanczyk 02
Wu 07
Horn-Ross 02
All studies on soy and BC
all involve women subjects,
so gender was not a variable

Gender

Ethnicity

Thanos,
Wu & Wan 02
Wu et al 96
Wu 07
Horn-Ross 01
Horn-Ross 02

BMI

Zheng (24)
Shu (23.5, 23.1)
Wu& Wan 02,
Wu & Stanczyk 02
Wu 07
Horn-Ross 02
Nishio
Nagata
Y amamoto
Sanderson
Linsesein
Torres-Sanchez
Ursin
Jakes

Wasit-Hip ratio

Zheng (0.81)
Shu (0.81,0.80)
Sanderson
Wu 07
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Soy Correlates
,

■:::

a) Demographic factors
Height

Authors (mean values or
range of values)

Remarks
_______

••'''

Vy-S'

^sK'l

Shu (158.9cm,158.5cm),
Nishio
Jakes
Yamamoto
Wu & Stanczyk 02

Weight

Y amamoto
Jakes
Wu & Stanczyk 02

Overweight(%)

Zheng(35.2)

Obese (%)

Zheng(5.1)

Income

Shu
Has never been studied
before

Occupation
Education

Shu
Nagata
Yamamoto
Sanderson
Linsesein
Wu & Wan 02
Wu & Stanczyk 02
Horn-Ross 01, Ursin

Place of residence

Wu et al 96

b) Lifestyle Factors
Smoking
-current (%)

./A
'"''h

~

Zheng (2.4%)
Nagata (6.6%)
Wu & Wan 02
Wu & Stanczyk 02
Yamamoto
Linsesein

-Ex (%)

Nagata (4%)
Yamamoto
Linsesein
Wu & Stanczyk 02

-exposure to passive smoke (%)

Yamamoto
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■

,

Soy Correlates
J:, ^

b) Lifestyle Factors
Alcohol (%)

Exercise (%)

Authors (mean values or
. r-1
range of values)

liap

Remarks

Zheng(1.9%)
Shu (4%, 4.1%)
Hom-Ross 02
Yamamoto
Linsesein
Shu 01(18.8%, 25.2%)
Zheng(35.5%)
Horn-Ross 02
Nishio (walking > Ih/d)
Yamamoto((>l/m)
Sanderson (leisure activity)
Nagata(MET/h/wk)
Linsesein (MET/h/wk)

.
c) Migration History________ ________
Wu & Wan 02
Birthplace
US born vs non-US bom
Wu et al, 96

Mean year in US

Wu & Wan 02

Mean age at migration

Wu & Wan 02

d) Dietary Factors
Energy intake (kcal/day)

/M

Zheng (1684.5)
Shu (1865.9, 1839.9)
Horn-Ross 02(1559)
Sanderson(1905.7, 1862.3)
Nagata
Nishio
Yamamoto
Ursin
Jakes

Usual fat intake (g/day)

Zheng (29.7)
Shu(36.3, 35.3)
Horn-Ross 02 (56)
Jakes(36.9)
Ursin
Nagata

Saturated fat (g/day)

Horn-Ross 02
Jakes
Ursin
Nagata_____
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gSi

Authors (mean
values or
v
range of values)

d) Dietary Factors
Linoleic acid (mg/day)

Horn-Ross 02, Jakes

Linolenic acid (mg/day)

Jakes, Nagata,

Oleic acid (g/day)

Horn-Ross 02, Ursin, Nagata,

Protein (g/day)

Zheng (67.3)
Horn-Ross 02 (62)
Ursin

CHO (g/day)

Zheng(287)
Horn-Ross 02(187)
Jakes (199.2)
Ursin

% of kcal from fat

Horn-Ross 02 (32%)

% of kcal from CHO

Horn-Ross 02(51%)

% of kcal from Protein

Horn-Ross 02 (16%)

Meat (g/day)

Zheng (Red and processed:
51.1) Yamamoto

Poultry (g/day)

Zheng(15.3)

Fish (g/day)

Zheng(50.8)
Jakes(43)
Yamamoto

All vegetables (g/day)

Zheng (298.2)
Nishio (frequency/d)
Yamamoto

Cruciferous (g/day)

Zheng (94.8)
Jakes(37)

Allium-type vegetables (g/day)

Zheng (8.4)

All fruits (g/day)

Zheng (270.7)
Yamamoto
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Soy Correlates
d) Dietary Factors
Fiber (g/day)

Antioxidant vitamins(fig/day)

e) Supplement Use
Vitamin and Mineral
supplement
Soy or isoflavone
supplement
Hormone related
supplement
f) Reproductive Factors;
Menopausal status
Age @ menarche

Age @ menopause

Authors (mean values or
range of values)

Remarks
___________________

Horn-Ross 02 (15)
Jakes(l1.2)
Ursin
Nagata
Horn-Ross 02
Jakes
Ursin

Zheng (19.7%)

1

Ursin
Jakes
Zheng (14.93)
Shu (14.5, 14.7)
Sanderson (14.7, 14.9)
Nagata (13)
Nishio, Yamamoto
Thanos (<ii(ii%), 12-14(69%),
>15(11%))
Hom-Ross 01 (< 12,12-13, >14)
Wu & Wan 02 (<11,12-13, >14)
Wu & Stanczyk 02 (<12,13-14,1516, >17)
Hom-Ross 02(<io(7%), i(i5%)i,
12(27%), 13(29%), 14>(12%) 15(8%))
Linsesein <13, 13-14, <14
Torres-Sanchez <12, >12
Ursin, Jakes <13, 13, 14, 15, >16
Zheng (48.1)
Shu (48.1,47.5)
Sanderson (48.5, 47.8)
Nagata (49)
Horn-Ross 02
Nishio
Yamamoto
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f) Reproductive Factors;
Age @ first live
birth/pregnancy

Parity
No of children

Authors (mean values or
range of values)

Remarks
__________________
'S

SlSSi

Zheng (24.9)
Shu (26.8, 26.2)
Sanderson (26.9, 26.3)
Nagata (25)
Yamamoto
Nishio
Thanos (<20 (12%), 20-24(30%), 2529(26%), >30(14%)
Horn-Ross01 (<20, 20-24, 25-29, >30)
Horn-Ross 02 (<20 (4%), 2024(22%), 25-29(29%), 30-34(13%),
>35(2%))
Torres-Sanchez (<20,20-24, >25)
Wu & Stanczyk 02 (<20,21-25,2630, >31)
Ursin, Jakes (<20,20-24,25-29, >30)
Zheng (1.83)
Shu (1.5, 1.5)
Nagata (2)
Thanos (l(13%),2-3(55%), 4 (13%))
Horn-RossO 1,
Wu 02
Linsesein
Torres-Sanchez
Ursin

No of pregnancy

Wu & Wan 02
Nishio
Y amamoto
Shu,
Thanos
Ursin
Jakes

Nulliparous (%)

Horn-Ross 01
Nishio
Torres-Sanchez
Ursin
Horn-Ross 02 (26%)
Sanderson (4%,3%)
Linsesein(25.2%, 23.7%)
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ss*

f) Reproductive Factors;
Breast Feeding

Authors (mean values or
range of values)
Shu (15.1m, 15.9m)
Nagata
Linsesein
Torres-Sanchez
Ursin
Jakes

Oral Contraceptive (%)

Shu (21.9%, 20.0%)
Sanderson(21.9%, 25.4%),
Ursin,
Jakes

Hormone Replacement
Therapy (%)

Zheng (2%),
Shu(2.9%,2.7%)
Sanderson (3.5%, 3.0%)
Ursin, Jakes

Use of exogenous female
hormone

Nishio, Yamamoto

g) Cancer History
BC in first degree relatives

Ever had breast fibroadenoma

Biopsy-diagnosed benign
breast dx

Shu 01(3.7%, 2.4%)
Thanos (21%, 12%)
Horn-RossO 1
Horn-Ross 02
Nagata
Nishio
Yamamoto
Sanderson
Linsesein
Torres-Sanchez
Shu 01(9.6%, 5%),
Thanos (33%,24%),
Sanderson
Horn-RossO 1
Yamamoto
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-■

Note:
Authors
Horn-Ross et al 2001

IS

Population ______________
■
______ _________________
Multi-ethnic: Caucasians, African American, Latina in California
pre-post menopausal

Horn-Ross et al 2002

Multi-ethnic: Caucasians (87%), African American(3%), Latina (4%),
Asians (4%) in California,
pre-post menopausal

Linsesein et al, 2004

Caucasians in Germany, pre-menopausal

Nagata et al, 2005

Japanese in Japan, pre-post menopausal

Nishio et al 2007

Japanese in Japan, pre-post menopausal

Sanderson et al, 2004

Chinese in China, pre-post menopausal

Shu et al 2001

Chinese in China, pre-post menopausal

Thanos et al 2005

Multi-ethnic in Canada: Caucasians (92%), black, aboriginal, Asians
pre-post menopausal

Torres-Sanchez et al, 2000

Mexican in Mexico, pre-post menopausal

Wu et al 1996

Asians in America, pre-post menopausal

Wu & Wan et al 2002

Asians in America, pre-post menopausal

Wu & Stanczyk et al, 2002

Chinese in Singapore, pre-post menopausal

Wu et al 2007

Asians in America, pre-post menopausal

Ursin et al, 2006

Chinese in Singapore, pre-post menopausal

Yamamoto et al, 2003

Japanese in Japan, pre-post menopausal

Zheng et al 2005

Chinese in China, pre-post menopausal
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l~
Age

Gender
Ethnic group

BMI

None
Mild
Moderate
Vigorous
Income (household)

Education

Alcohol
Vegetarian status
Physical activity

Religion history
Age of baptism

Migration history:
Birthplace(Self)
Birthplace (father)
Birthplace (mother)

1

‘

30 to 50
51 to 65
66 and more
Male, Female
White
Black
Hispanic
Asia
Under weight
Normal
Overweight
Obese
20 or less
21 to 50
51 to 75
76 and above
30 or less
31 to 75
76 and above
No HS
HS diploma
TS/some college/AD
Bachelors
Masters/Doctoral
No, Yes (past), Yes (current)
Vegetarian
Non vegetarian
None
Mild
Moderate
Vigorous
SDA
others
Child (0-12)
Teenager (13-19)
Young adult (20-29)
Adult (30 and above)

AHS-2 Questionnaire
Question/Section
___________________________
Q1 /El

Q5/E2
Q3 / El

Q21/E4

Q17/E3

Q17/E3

Qll

Q34 / E7 (Yes/no)
Q35 / E7
(use special variable created
by AHS-2)
Cl, C2

Q19 / E3
Q20 / E4

Q2/E1
Asia / Other
Asia / Other
Asia / Other

129

E2

